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INTRODUCTION

Tithonia diversifolia plants and cassava leaves have the 
potential to be used as a substitute for field grass. The 

crude protein contents of this plant far exceed that of field 
grass. The crude protein of the T. diversifolia and cassava 
leaves is 22.98% (Pazla et al., 2018a) and 29.00% (Bernard 
et al., 2020), respectively. Protein is needed by livestock to 
increase productivity, especially during pregnancy and lac-
tation (Rosmalia et al., 2022).

T. diversifolia is rich in amino acids and phosphorus (P), 
which can potentially increase ruminal bacterial popula-
tions and microbial protein synthesis (Adrizal et al., 2021; 
Fasuyi and Ibitayo., 2011; Pazla et al., 2021a, 2021b). Giv-
ing T. diversifolia combined with elephant grass (Pennise-
tum purpureum) can optimize the production and fat con-
tents of Etawa cross-breed goat milk (Pazla et al., 2022). 
T. diversifolia plants up to 30% supplement can increase 
intake, digestibility, body weight gain, and feed efficien-
cy for Pesisir cattle (Pazla et al., 2021c). Cassava leaves 
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combined with ammoniated palm fronds produce optimal 
body weight gain in Simmental cattle (Suyitman et al., 
2021). Oni et al. (2010) reported that the administration 
of cassava leaves with Panicum maximum for West African 
Dwarf Goats led to increased nitrogen retention, digesti-
bility, body weight gain, and dry matter intake. Marjuki et 
al. (2008) have used cassava leaves for up to 30% of the dry 
matter of the ration.

Feeding concentrate can optimize the growth and produc-
tion of livestock, and this is due to the high energy con-
tent in the feed (Arief and Pazla, 2023). Attention should 
be paid to some aspects when using concentrates such as 
cheap prices, ease to obtain, and availability. Palm kernel 
cake is a waste of the palm oil processing industry and can 
be used as a concentrated alternative. The protein content 
of palm kernel cake is as much high as 14-20% (Zarei et 
al., 2016). Suhendro et al. (2018) reported that substi-
tuting tofu dregs with palm kernel cake as a concentrate 
in Nubian goats had no negative impact and was able to 
maintain growth and intake. Concentrates based on palm 
kernel cake can increase milk production and quality in 
Etawa-breed goats (Arief et al., 2020, 2021a). This study 
aims to determine the effect of giving a combination of 
forage from Tithonia diversifolia with cassava leaves and 
palm concentrate on the production, fat, milk lactose, in-
take, and digestibility of crude fat, crude fiber, and NFE.

MATERIALs AND METHODs

This research was conducted at the Toni Farm located in 
Payakumbuh, West Sumatra, Indonesia. Chemical analy-
sis of the ration constituents and the milk fat analysis and 
lactose was carried out at the Politeknik Pertanian Negeri 
Payakumbuh Laboratory, West Sumatra.

This study used 16 lactating Etawa crossbreed goats aged 
1.5-2 years and weighing 58-60 kg which was in the sec-
ond lactation. In addition, the conditions of the cage that 
need to be considered before conducting research include 
cleaning the area of the goat pen so that it is free from 
rodents and other disturbances. Environmental tempera-
ture checking was also carried out where the temperature 
range in the study area was 18-22 0C with 78% humidity. 
as well as giving anthelmintic to goats before being given 
treatment. The experiment used a completely randomized 
design with four treatments of four replicates consisting of 
A is the company ration as control (60% company forages 
(CF) + 40% company concentrates (CC)), B (30% CF + 
Tithonia diversifolia (T) + cassava leaves (CL)) + 30% CC 
+ 10% palm concentrate (PC)), C (30 % CF + 30% (T+CL) 
+ 20% CC + 20% PC), D (30% CF + 30% (T+CL) + 10% 
CC + 30% PC). Company forages consist of field grass-
es and shrubs while company concentrates consist of tofu 

dregs, cassava peels, and jackfruit skins. Palm concentrate 
is composed of palm kernel cake, bran, corn, and miner-
als. The ratio between forage and concentrate was 60:40. 
The feed ingredients making up the ration are presented 
in Table 1. The chemical composition and the nutritional 
contents of the ration are presented in Table 2. 

Parameter Measurement
The experiment was designed to last for 45 days with three 
stages; the adaptation stage for 25 days, the preliminary 
stage for 15 days, and the collection stage for five days. The 
feces were collected during the five collection days to de-
termine the feed digestibility. The sewage collection (n=16) 
from the Etawa crossbreed was carried out from the 41th 
and 45th day. Total fresh feces were weighed and taken as 
much as 200 g per goat as a sample. Samples were in the 
oven at 60oC for 48 h and then weighed. The feces samples 
were ground and analyzed after AOAC (1995). Milk fat 
and lactose test using LACTOSCAN SP MILKOTRON-
IC Ltd. The digestibility calculation formula is as follows:

Statistical analysis
The measured data on milk production, milk fat, milk lac-
tose, intake and digestibility of crude fat, crude fiber, and 
NFE, a correlation between crude fat intake with milk 
fat content, a correlation between crude fiber intake with 
milk fat content, and a correlation between NFE intake 
with milk lactose content were analyzed using Analysis of 
Variance (ANOVA) with SPSS software version 21.0 and 
Duncan’s Multiple Range Test as a follow-up test if there 
is a significant difference (P<0.05) in the treatment (Steel 
and Torrie, 1991). 

Ethics approval
This experiment has referred to research ethics using live-
stock based on the Republic of Indonesia government law 
number 41/2014 concerning Animal Science and Health.

RESULTS

Milk Production
Feeding treatment had no significant effect on milk pro-
duction. T. diversifolia and cassava leaves by 30% and palm 
oil concentrate by 30% were able to maintain milk pro-
duction. Milk production in treatments B, C, and D was 
higher than in treatment A (Figure 1).

Milk Fat And Lactose Content
Feeding treatment had no significant effect on the fat and 
lactose content of milk. T. diversifolia and cassava leaves by 
30% and palm concentrate by 30% were able to maintain 
the fat and lactose content of milk (Table 3, Figures 2 and 
3). 
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Table 1: Chemical composition of feed ingredients  
Nutrients (%) Feed stuff

Company forages T CL PC Company Concentrate
DM 26.03 23.13 26.21 93.24 23.81
OM 87.93 84.65 86.33 90.23 96.92

CP 25.43 25.07 30.18 13.46 17.27
CF 28.02 22.62 19.92 18.33 20.98
NDF 48.27 55.03 56.13 62.84 61.86
Cfat 2.73 1.62 3.10 4.96 2.07
TDN 54.53 53.54 56.44 66.36 73.46
NFE 31.75 35.34 33.13 53.48 56.62
ASH 12.07 15.35 13.67 9.77 3.08
ADF 36.45 34.2 33.69 36.02 35.33
Hemi 11.82 20.83 22.44 26.82 26.53
Lignin 11.72 5.81 6.87 3.92 4.38
Cellulose 24.4 27.54 28.48 16.97 22.95

Dry matter (DM), Organic matter (OM), Crude protein (CP), Crude fiber (CF), Neutral detergent fiber, Crude fat (Cfat), Total 
digestible nutrient (TDN), Nitrogen free extract (NFE), Acid detergent fiber (ADF), Hemicellulose (Hemi), Tithonia diversifolia 
diversifolia (T). Cassava leaves (CL), Palm concentrate (PC)

Table 2: Composition of ration and nutritional content of treatment ration
Feedstuff Treatments

A B C D
Company Forages 60 30 30 30
Tithonia diversifolia - 15 15 15
Cassava Leaves - 15 15 15
PC - 10 20 30
Company Concentrate 40 30 20 10
Total 100 100 100 100
Nutrient Composition

Dry Matter 25.14 31.68 38.62 45.56
Organic Matter 91.53 90.13 89.45 88.79
Crude Protein 22.17 22.44 22.06 21.68
Crude Fiber 25.20 22.91 22.64 22.38
NDF 53.71 56.00 56.09 56.19
Crude Fat 2.47 2.64 2.93 3.22
TDN 62.10 61.53 60.82 60.11
NFE 41.70 42.13 41.81 41.50
Ash 8.47 9.88 10.54 11.21
ADF 36.00 35.32 35.38 35.46
Hemi 17.70 20.68 20.70 20.74
Lignin 8.78 7.12 7.07 7.03
Cellulose 23.82 24.31 23.70 23.11

Neutral detergent fiber, Total digestible nutrient (TDN), Nitrogen free extract (NFE), Palm  concentrate (PC)
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Table 3: Quality of Etawa Crossbreed Dairy Goat’s Milk Treatment  
Parameter Goat milk

A B C D
Fat Level (%) 4.52±0.23 4.44±0.22 3.91±0.26 5.29±0.20
Lactose (%) 4.08±0.17 5.17±0.33 5.00±0.27 4.99±0.31

There is no significant between treatments (P>0.05)

Figure 1: Milk Production of Etawa Crossbreed Dairy 
Goats Treatment

Figure 2: Milk Fat of Etawa Crossbreed Dairy Goats 
Treatment

Figure 3: Milk Lactose of Etawa Crossbreed Dairy Goats 
Treatment

Feed Intake
The ration treatment had no significant effect on the in-
take of fat, crude fiber, and NFE. T. diversifolia and cassava 
leaves by 30% and palm concentrate by 30% were able to 
maintain the intake of fat, crude fiber, and NFE (Table 4).

Correlation of Fat Intake With Milk Fat
Figure 4 showed that there is a linear relation (r=0.367, 
R2=0.135) between crude fat intake with milk fat contents. 

Figure 4: Correlation Milk Fat with fat Intake of Etawa 
Crossbreed Dairy Goats Treatment

Correlation of Crude Fiber Intake with Milk 
Fat
Figure 5 showed that there is a linear regression relation 
(r=0.38, R2=0.147) between crude fiber intake and milk fat 
content. 

Figure 5: Correlation Milk Fat with crude fibre Intake of 
Etawa Crossbreed Dairy Goats Treatment
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Table 4: Feed Intake of Etawa Crossbreed Dairy Goats Treatment
Intake
(kg/e/day)

Treatment
A B C D

Crude fat 0.06±0.007 0.06±0.008 0.07±0.005 0.08±0.007
Crude Fiber 0.60±0.07 0.52±0.08 0.51±0.05 0.50±0.07
NFE 1.08±0.07 1.13±0.08 1.11±0.05 1.09±0.07

There is no significant between treatments (P>0.05)

Table 5: Digestibility of Etawa Crossbreed Dairy Goats Treatment
Digestibility
(%)

Treatment
A B C D

Crude fat 72.40±2.17 73.25±2.76 74.21±2.63 76.36±2.48
Crude Fiber 64.13±2.03 63.64±3.11 67.09±3.24 67.06±2.41
NFE 74.37±2.03 75.47±2.11 75.57±2.24 75.89±2.41

There is no significant between treatment (P>0.05)

Correlation of NFE Intake with Milk Lactose
Figure 6 showed that there is a linear regression relation 
(r=0.572, R2=0.3271) between NFE intake with milk lac-
tose levels. 

Figure 6: Correlation Milk Lactose with NFE Intake of 
Etawa Crossbreed Dairy Goats Treatment

Feed Digestibility
Feeding treatment had no significant effect on the di-
gestibility of fat, crude fiber, and NFE. T. diversifolia and 
cassava by 30% with palm concentrate by 30% were able 
to maintain the digestibility of crude fat, crude fiber, and 
NFE (Table 5).

DISCUSSION

Milk Production
The insignificant difference between treatments was attrib-
uted to the same quality of the rations given. The rations 
prepared had a protein that was not much different. Feed 
protein plays an important role in the formation of milk 
lactose (Prihatminingsih et al., 2015). The lactose contents 
and milk production did not differ between treatments be-

cause lactose was able to bind to water. 

The feed intake was not significantly different and resulted 
in no significant differences in milk production. Milk is 
synthesized from food substances consumed by livestock. 
The more rations consumed, the more nutrients will be 
converted into milk (Arief et al., 2021b)

Milk Fat and Lactose Contents
The milk fat contents obtained were not significant be-
tween treatments because the crude fiber contents of the 
rations were not much different between treatments. The 
crude fiber of the treated rations relies on milk fat content 
which is the most volatile nutritional component and is 
very dependent on the crude fiber content of the diet. The 
low nutritional crude fiber will produce low acetate in the 
rumen, so milk fat will be lower (Florendo et al., 2018; 
Fatmawati et al., 2022).

The results of this study are relatively the same as Arief 
et al. (2018a) who reported that the fat content of goat’s 
milk is 4-5%, while Jamarun et al. (2020) and Dzarnisa & 
Ramaya (2022) get goat’s milk fat content of 7.29% and 
6.55%, respectively. The difference in milk fat content is 
due to the different types of rations. Milk fat in this study 
has met the goat’s milk standard by the Thai Agricultural 
Standard (2008), namely the fat content of goat’s milk is 
3.4 - 4% (Good category). In addition, the same fat con-
tent in milk was also affected by the same ratio of forage 
and concentrate in each treatment ration, namely 60:40. 
Differences in the ratio of forage and concentrate in the 
ration can affect the fat content of milk. Schmidely et al. 
(2021) reported a decrease in milk fat content with in-
creasing concentrates in the ration.

Lactose levels between treatments did not differ due to 
the crude fiber and NFE from the treatments. Lactose is 
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formed from one molecule of glucose and one molecule of 
galactose. Glucose molecules are produced from the fer-
mentation of carbohydrates (crude fiber and NFE). NFE 
is an easily digestible carbohydrate consisting of mono-
saccharides, especially starch, and glucose. According to 
Sondakh et al. (2017), The amount of NFE consumed af-
fects the concentration of propionic acid which is an ingre-
dient in glucose formation. Propionic acid will be absorbed 
from the rumen wall to the liver to be transformed into 
glucose. Glucose will enter the circulation to the secretory 
cells of the mammary gland, and be employed in lactose 
synthesis.

The lactose content of milk was not significantly different 
due to the use of concentrate in the ration and the same 
amount (40% from treatments A to D). This was reinforced 
by Arief et al, (2018b; 2021c) who stated that lactose for-
mation was influenced by propionic acid, which was main-
ly derived from concentrate feed or high-energy sources. 
The lactose content in this study was almost the same as 
Jamarun et al. (2021) by 4.45-5.83% based on palm fronds, 
elephant grass, and T. diversifolia with concentrates com-
posed of palm kernel cake, tofu waste, and rice bran.

Feed Intake
Intake of crude fat in Etawa crossbred goats is about 67.5 
g/head/day (60-80 g/head/day). The results were lower 
than Nurhajah (2016). who reported a crude fat intake of 
140 g/head/day  This difference is due to dry matter in-
take and the fat content of the rations. The crude fat intake 
between treatments did not differ due to the nearly same 
fat content of the rations. The fat range of treatments was 
2.47-3.22%. The amount of feed consumed can affect the 
nutrients consumed so more feed consumed will increase 
the nutrients intake (Pazla et al., 2018b).

The average crude fiber intake and treatment NFE were 
532.5 and 1102.5 g/head/day. The intake of crude fiber 
and NFE did not differ between treatments because the 
dry matter intake and the content of crude fiber and NFE 
rations were not much different. Febrina et al. (2017) stat-
ed that the amount of nutrient intake depends on the dry 
matter amount consumed by livestock and the nutrient 
contents. Intake in goats is heavily influenced by the feed 
quality, the digestion rate, the removal rate of the remain-
ing feed, and the fulfillment of nutrients (Marques et al., 
2022).

Feed intake is closely related to the palatability of the ra-
tion. These results prove that the use of T. diversifolia com-
binations with cassava and palm concentrate up to a level 
of 30% is still palatable for livestock. Anti-nutritional sub-
stances in T. diversifolia such as phytic acid, tannins, sapo-
nins, oxalates, flavonoids, and alkaloids are still tolerated by 

livestock. High doses of T. diversifolia cause a bitter taste in 
livestock due to the high phytic acid levels (79.2 mg/100 g) 
(Oluwasola and Dairo, 2016). T. diversifolia can maintain 
a ration intake of up to 30% in Pesisir cattle (Pazla et al., 
2021c).

Correlation of Crude Fat Intake with Milk Fat
Figure 4 showed a linear regression between crude fat 
intake with milk fat content. The correlation coefficient 
(r=0.367) means that there is a low relationship between 
crude fat intake and milk fat content (Sugiyoni, 2007). The 
coefficient (R2=0.135) indicates that 13.5% of the milk fat 
content is affected by crude fat intake. Crude fat intake 
plays a role in milk fat formation. Feed fat provides fatty 
acids and glycerol which are raw materials for milk fat syn-
thesis. Tyler and Ensminger (2006) stated that the feed fat 
consumed by livestock will be directly digested and pro-
duce fatty acids and glycerol which are used as ingredients 
for the synthesis of milk fat. Cannas and Paulina (2007) 
stated that about 40-45% of milk fatty acids are directed 
from feed fat and body tissue. Crude fat intake can increase 
the milk fat contents because some of the milk fatty acids, 
especially long-chain fatty acids, come from a feed.

Correlation of Crude Fiber Intake with Milk 
Fat
The results showed that there was a linear regression rela-
tionship between crude fiber intake with milk fat content. 
The correlation coefficient (r=0.38) according to Sugiyono 
(2007) indicated that there is a low relationship between 
crude fiber intake with milk fat contents. The coefficient 
of determination (R2= 0.147) indicated that 14.7% of the 
milk fat contents are affected by the crude fiber intake, 
while 85.3% are influenced by crude fat intake. The rela-
tionship between the intake of crude fiber with milk fat 
showed that the higher the crude fiber intake, the higher 
the milk fat content. The relationship between crude fiber 
intake and milk fat can be attributed to the nature of crude 
fiber as a raw material provider for the volatile fatty acids 
formation of the milk fat.

Marwah et al. (2013) reported that milk fat is strongly in-
fluenced by intake and crude fiber contents. The crude fiber 
consumed is broken down into cellulose which is digested 
by rumen microbes and produces VFA (Pazla et al., 2021d; 
2021e). The VFA (acetic and butyric acids) is utilized for 
forming milk fat, especially fatty acids, while glycerol is 
partly derived from feed fat and body fat reserves, as well as 
the glycolysis pathway. Acetic acid and B-hydroxy butyrate 
are utilized as short-chain fatty acid precursors in milk fat 
synthesis. Tyler and Ensminger (2006) revealed that most 
of the milk fatty acids arise from acetic and butyric acids. 
Propionic acid is converted to glucose which can be used 
in lactose and glycerol production. Glucose is converted 
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to glycerol-3-phosphate via the Meyerhof pathway and to 
glycerol for milk fat synthesis.

Correlation of NFE Intake with Milk Lactose
The results showed that there was a linear regression rela-
tionship between NFE intake and milk lactose levels. The 
correlation coefficient (r= 0.572) according to Sugiyono 
(2007) indicated that there is a moderate relationship be-
tween NFE intake and milk lactose contents. The coeffi-
cient of determination (R2= 0.3271) means that 32.71% 
of the milk lactose contents are affected by NFE intake, 
while 67.21% are influenced by crude fiber intake. The re-
lationship between NFE intake and milk lactose showed 
that the higher the intake of NFE, the higher the lactose 
content of milk. There is a relationship between the intake 
of NFE and lactose milk because lactose is formed from 
glucose and galactose. Glucose is produced from carbo-
hydrates fermentation, especially NFE. NFE consists of 
monosaccharides (glucose). NFE fermentation in the ru-
men produces more VFA in the form of propionic acid. 
Sondakh et al. (2017) stated that the amount of NFE con-
sumed affects the propionic acid concentration which is an 
ingredient in glucose formation.

Feed Digestibility
Non-significant crude fat digestibility was caused by the 
crude fat contents in the rations. The use of cassava leaves 
with T. diversifolia and palm concentrate from 0% to 30% 
in the ration causes the toleration of the ration and did 
not interfere with the crude fat digestibility, namely with 
a fat content ranging from 2.47% to 3.22%. Jamarun et 
al. (2021) reported that a fat content above 5% will affect 
the utilization abilities of the livestock. The crude fat di-
gestibility was influenced by the nutrient contents, one of 
which was crude fat. Ningrat et al. (2020) stated that one 
of the factors that affect feed digestibility is ration com-
position. The high crude fat digestibility is attributed to 
absorbed fat with triglycerides as an energy source.

The non-significant differences in the crude fiber digesti-
bility in each treatment were caused by the lignin contents 
which were not different. The difference in the lignin con-
tents of the rations was 1.75% in the rations from treat-
ment A to treatment D. Apart from the lignin content, 
the ADF and cellulose contents were not much different. 
The crude fiber digestibility was affected by the relatively 
equal fiber contents between treatment A to treatment D 
rations, causing the crude fiber digestibility to be not sig-
nificantly different. Pazla et al. (2020) reported that crude 
fiber digestibility is affected by the fiber fraction (lignin, 
cellulose, and hemicellulose). Other factors that can affect 
crude fiber digestibility are fiber in feed, fiber composition, 
and microorganism activity ( Jamarun et al., 2017a, 2017b, 
2017c). The crude fiber digestibility between treatments 

A, B, C, and D was not significantly different because the 
chemical composition of the rations was almost the same. 
Digesting crude fiber requires sufficient and balanced pro-
tein and energy for rumen microbial activity to digest food 
substances, including crude fiber. Crude protein will un-
dergo fermentation in the rumen to produce NH3 which 
is used to increase the microbial population in the rumen. 
TDN is derived from rations and acts as an energy source 
for rumen microbes. The large ruminal microbes popu-
lation will affect digestibility so that the same chemical 
composition in dairy goat rations will cause the crude fiber 
digestibility to be relatively the same. Zain et al.(2016) also 
stated that crude fiber digestibility is influenced by fiber 
composition and the ruminal microbes’ activity.

The non-significant differences were because the NFE di-
gestibility was affected by the NFE in treatment rations A 
(41.50%) to D (41.70%) which were relatively the same. 
The NFE digestibility was in line with the results of crude 
fiber digestibility, this proved that digestibility was influ-
enced by the nutrient contents, one of which was crude 
fiber. Pazla et al. (2023) stated that the NFE content is 
influenced by the other nutrient contents (crude protein, 
ash, crude fat, and crude fiber). The NFE digestibility was 
not significantly affected by the balance between the TDN 
and the crude protein of the ration. Budiman et al. (2006) 
stated that an increase in protein affects the absorption and 
utilization of nutrients so NFE increases.

CONCLUSION

T. diversifolia, cassava leaves, and palm concentrate up to 
30% were able to maintain production, milk fat and lactose 
contents, fat intake and digestibility, crude fiber, and NFE.
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