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Abstract - This research aimed to study the production and milk quality of
Etawa Crossbreed Dairy Goat (ECDG) fed with several sources of forage with
palm kernel cake concentrate (PKCC). The design of the experiment wasa
randomized completely design with four treatments of feed formulation.
Treatment formulations are as follows: A). 50% tofu waste (TW) + 50% field
grass (company ration as a control); B). 25% TW + 25% PKCC + 50% tithonia
(Tithonia diversifolia); C). 25% TW+ 25% PKCC + 50% cassava leaves
(Manihot utilisima); D). 25% TW + 25% PKCC + 50% Gamal (Gliricidia
sepium). The ratio of concentrate and forage is 50:50. PKCC consists of 30%
palm kernel cake, 40% tofu waste, 20% rice bran, 9 % corn, and 1% mineral.
The parameters measured were dry matter intake (DMI), organic matter intake
(OMI), crude protein intake (CPI), dry matterdigestibility (DMD), organic
matter digestibility (OMD), crude protein digestibility (CPD), milk production,
and milk quality (protein, lactose, fat, Solid Non-fat (SNF), Total Solid (TS),
pH, specific gravity, and mineral of milk (Ca and P). Data were analyzed by
Analysis of Varian and Duncans Multiple Range Test. The results showed the
treatment had no significant effect (P>0.05) on milk production, SNF, pH,
specific gravity, and P. However, the effects were significant (P<0.05) on
parameters such as DMI, OMI, CPI, DMD, OMD, CPD, protein, lactose, fat,
TS, and Ca of milk. From this study, it can be concluded that replacement of
field grass with various forage sources (tithonia, cassava leaves, and gamal)
and replacement of tofu waste with concentrate-based palm kernel cake can
increase feed intake,digestibility, protein, lactose, fat, and calcium of milk but
did not significant affected on milk production, SNF, total solids, pH, and
specific gravity of milk.

Keywords: cassava leaves, Etawa crossbreed dairy goat, Gliricidia sepium,
palm kernel cake, Tithonia diversifolia.

Introduction

Forage such as elephant grass is the main feed for
ruminants to provide crude fiber. In addition to forages,
other unconventional forage sources are tithonia (Tithonia
diversifolia), cassava leaves (Manihot utilisima), and
gamal (Gliricidia sepium). Tithonia is a
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shrub or weed-like plant that grows a lot in an empty land,
roadsides, and rice fields. In West Sumatra, tithoniais also
known as the paitan plant because of its bitter leaves
(Pazla et al., 2021a). Tithonia plants have notbeen widely
used as a source of organic material, a source of fertilizer,
or animal feed ingredients. However, tithonia is quite
favored by livestock because its high
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protein content of 22.98% (Jamarun et al., 2019). Also,
cassava leaves and gamal are nutritious foraged
ingredients that are useful as a forage source for livestock.

Furthermore, livestock needs concentrated feed
ingredients for energy. The price of concentrate feed
ingredients, especially corn, is expensive due to imported
feed. Therefore, it is necessary to look for alternative feed
ingredients with abundant availability and quality to
reduce dependence on imported feed ingredients. One of
the concentrate feed ingredients that meet the
requirements above is a by-product of the palm oil
processing industry, namely palm kernel cake (PKC).
Viewed from the production aspect, 60% of the totalpalm
oil industry products are by-products. It is including PKC
which is useful as an alternative feed ingredient for
livestock because it has good nutritional composition and
great potential as a source of concentrated feed
ingredients for livestock (Arief et al., 2019a).

In addition to dairy goats, livestock that can be
developed as milk-producing is Etawa Crossbred Dairy
Goats (ECDG). The ECDG crosses between an Etawa
goat and a local Indonesian goat, namely Kacang Goat.
The advantage of ECDG is that they have good
adaptability to most parts of Indonesia. ECDG are dual-
purpose type goats that have good reproductive
characteristics, better nutritional milk content than cow's
milk (Arief et al., 2019b). ECDG is raised for milk
production especially in Indonesia (Arief et al., 2019h).
Goat's milk contains minerals Ca, P, and Mg which are
higher than cow's and human's milk. The high content of
medium-chain fatty acids is beneficial for the body
because it is rapidly oxidized by the liver and induces a
full effect (Vaquil and Rathee, 2017). Besides, goat's milk
has medicinal properties that can cure various diseases
such as asthma and tuberculosis (Pal U et al., 2011).

Research on the use of various forage sources
combined with the provision of by-products from thepalm
oil industry and tofu waste as feed ingredients for lactating
ECDG concentrates has never been carried out. If this
potential is explored properly, non-conventional forage
sources and the palm oil industry will play asignificant
role in providing animal feed, especially dairy goats,
which are useful for supporting food self- sufficiency
programs, especially milk in Indonesia (Pazla, 2018a).

Materials and Methods
Ethical Approval

This experiment has referred to research ethics using
livestock based on the Republic of Indonesia

government law number 18 of 2009 (Section 66), which
addressed animal keeping, raising, killing, and proper
treatment and care.

Experimental Design

This research was conducted at an ECDG livestock
company in Payakumbuh, West Sumatra, Indonesia (-
0.2330638,100.6268024). There were 16 ECDGs in the
second month of lactation used in this research. The
selected ECDG is 1-1.5 years old with a weight of 58-60
kg. This experiment used 4x4 randomized completely
design determined by four treatments of feed formulation
(A). 50% tofu waste (TW) + 50% Field grass (company
ration as a control); B). 25% TW + 25% Kernel Cake
Concentrate (PKCC) + 50% tithonia; C). 25% TW+ 25%
PKCC + 50% cassava leaves; D).25% TW + 25% PKCC
+ 50% Gamal) for a total of 16 experimental units. ECDG
are placed in individual cages with a size of 1.25 m x1.00
m. The experimental cage was given disinfectant and all
ECDG were given deworming beforethe study started. All
ECDGs were confirmed not to havemastitis.

Table 1. The nutritional content of each feed ingredient.

Feedstuff

Nutrient )
(%) Fields T cL G Rice  Tofu PKC  Corn

grass bran  waste
Dry

2329 2557 3110 2142 87.80 2840 91.83 85.80
Matter
Organic o541 8401 89.85 94.85 90.80 97.67 9141 99.10
Matter
Protein 1023 2298 2715 1911 1072 2011 1236 07.70
CF:ng 2544 1817 1912 1975 1160 19.00 26.68 02.44
Eé‘ttr:f;‘r’t 364 0471 352 298 0873 0125 823 0350
NFE 531 3815 3926 5301 59.75 57.31 44.14 85.46
NDF 6720 5503 5613 4633 5513 59.28 66.70 49.96
TDN 5865 62.60 7921 67.60 66.63 7461 6540 8190

Note: T= Tithonia, CL = Cassava leaf, G=Gamal, PKC = Palm
Kernel Cake, NFE = Nitrogen Free Extract, NDF =Neutral
Detergent Fiber, TDN = Total Digestible Nutrient
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Table 2. The composition and nutrients of palm kernel cake
concentrate (%DM)

Feed Ingredients Level (%)
Palm kernel cake 40.00
Rice bran 20.00
Corn 9.00

Tofu waste 30.00
Mineral 1.00
Nutrient Percentage (%)
Dry matter 91.84

Ash 9.88
Crude protein 16.88
Crude fiber 13.22
NFE 55.06
NDF 62.84
TDN 66.36

Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient

Tabel 3. Composition of treatments ration (%)

Feed Treatments

Materials A B D
Field grass 50 0 0 0
Tithonia - 50 0 0
Cassava - - 50 0
Gamal - - 0 50
PKCC - 25 25 25
Tofuwaste 50 25 25 25
Total 100 100 100 100
Nutrient

composition

Dry Matter ~ 25.85 42.85 45.61 40.77
Ash 4.96 11.05 8.13 5.63
Protein 15.17 20.74 22.82 18.80
Crude Fiber  14.48 17.14 18.02 17.93
NFE 55.21 47.17 47.72 54.60
NDF 63.24 58.05 58.60 53.70
TDN 66.63 66.54 74.85 69.04

Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient

The experimental ration consisted of forage and
concentrate in a ratio of 50:50. The ration was given at
3.5 % of body weight-based dry matter (NRC, 2007).
Drinking water is available ad libitum. The nutritional
content of each feed ingredient is presented (Table 1). The
composition and nutritional content of palm kernel cake-
based concentrates are presented (Table 2). The
composition and nutritional content of the experimental
rations are explained (Table 3). Proximate analysis of feed
ingredients (dry matter, ash, protein, extract ether, and
crude fiber) was carried out following (AOAC, 2005).
NDF was determined following (Goering and

Van Soest, 1970). TDN was estimated with this
following formula (Moran, 2005):

TDN = 531 + 0412 CP% + 0.249 CF% +
1.444 EE% + 0.937 NFE%

Where: CP = crude protein; CF = crude fiber; EE =
extract ether; NFE = nitrogen free extract

The experiment was carried out for 50 days consisting
of 30 days of the adaptation period, 15 days of the
preliminary period, and 5 days of collecting period.

Collection of Feces Samples

The sewage collection from the ECDG was carried out
for 5 days, namely the 46th day to the 50th day. The dirt
is weighed every day at 8 am which is called the weight
of fresh dirt. Then, 10% of the dirt is taken to dry in the
sun and then weighed which is called the weightof dry
dirt. Before analysis in the laboratory, goat hair attached
to the manure is removed.

Milk Sample Collection

Every day the milk production of each experimental
animal was weighed and recorded. Milk samples were
taken 2 times during the study for quality testing. Before
sampling, the nipples were cleaned. Then, 300 mL of milk
from each experimental animal was taken and stored in a
cool box to avoid microbes’ contamination. Finally, milk
samples are taken to the laboratory foranalysis of milk
quality.

Parameters Measured

The variables measured were dry matter intake (DMI),
organic matter intake (OMI), crude protein intake(CPI),
dry matter digestibility (DMD), organic matter
digestibility (OMI), Crude protein digestibility (CPI),
milk production, and milk quality (milk protein, lactose,
milk fat, total solid (TS), Solid Non-Fat (SNF), pH, BJ,
Caand P mineral). Protein, lactose, and fat were measured
using the method of (AOAC, 2005), SNF and TS were
measured using lactoscan MCC50, pH was measured
using pH meter digital, while Specific Grafity was
measured using a Lactodensimeter.

Statistical Analysis
Experimental data were analyzed using the analysis

of variance (ANOVA) in SPSS version 20. Parameters
means show statistical differences in probabilities level
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of P<0.05 compared using the Duncan multiple range
tests.

Results
Milk Production

Optimal milk production and quality is the goal and
hope for dairy goat farmers. The quality of feed greatly
determines the optimal production and quality of milk.
Milk production in this study did not differ (P>0.05)
between treatments, but treatments that received various
types of forage (tithonia, cassava leaves, and gamal) and
PKCC showed higher milk production compared
company ration (treatment A) (Fig. 1).

Milk Production (Kg/d)

1.2

1.1

0.9

Fig.1: Milk production as affected by treatments

Milk Quality

The results on the quality of ECDG goat milk showed
that treatment C has the highest milk protein content
(Table 4) which was not significantly different (P<0.05)
with treatment B and D. Treatment B resulted in higher
levels of lactose (P<0.05) compared to other treatments.
The highest milk fat content was found in treatment B
which was not significantly different (P<0.05) with
treatment D. The highest SNF was obtained due to the
high protein and lactose content in treatment B. The
statistical analysis results showed that there was no
significant difference (P<0.05) between treatments on the
specific gravity of milk. Treatment B has the highest total
solid, 21.78%, and treatment A exhibits the lowest total
solid, which is 16.87%. The pH value of milk in this study
was 6.76-6.86. The content of Ca and P in treatment A
exposes the lowest value when compared to treatments B,
C, and D, which receivedingredients from tithonia forage,
cassava leaves, and gamal as well as PKCC.

Table 4. Milk quality as affected by treatments.

Parameters Treatments SEM
A B C D
Protein (%) 4.892 5.99° 6.26° 6.01° 0.25
Lactose (%) 5.582 6.732 3.55P 3.44b 0.54
Fat (%) 3.582 6.78° 3.702 6.05° 0.34

Solid Non-Fat

(SNF) (%) 13.30 15.01 13.92 13.79 0.60
Total Solid a . ab be

(TS) (%) 16.87 21.78 17.62 19.84 0.81
pH 6.86 6.78 6,76 6.81 0.04
Specific

Gravit 1.0285 1.0289 1.0288 1.0288  0.0002
Ca (%) 0.342 0.47° 0.56¢ 0.73d 0.18
P (%) 0.23 0.27 0.29 0.26 0.24

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P>0.05)
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Feed Intake

The replacement of field grass with various
forages (tithonia, cassava leaves, and gamal) and
the replacementof tofu waste with PKCC can
increase (P<0.05) the dry matter intake (DMI)
(Table 5). Treatments B, C, and D revealed
better DMI than treatment A. The average
organic matter intake (OMI) during the study
ranged from 2.23-3.53 Kg/e/h. The OMI in
treatment A was significantly (P<0.05) lower
than the other treatments. Crude protein intake
(CPI) in treatments B, C, and D indicated a
higher value than treatment A (P < 0.01).
Treatment C which got cassava leaf forage
exhibited the highest value (0.91 kg/head/day).

Table 5. Feed intake as affected by

treatments.
Parameters Treatments SEM
(Kg/day) A B C D
DMI 2372 3.06° 3.85° 3319 0.63
oMl 2232 281> 353 3129 064
CPI 0.392 0.53® 091° 0.65° 0.64

Note: Different superscripts (a.b,c,d) in the same line showed
significant differences (P>0.05)

Nutrient Digestibility

The treatment of various forage sources
and PKCC concentrates gave a significantly
different effect (P<0.05)on the digestibility of
dry matter, organic matter, andcrude protein
(Table 6). Treatment C got the highest dry
matter digestibility (DMD) (76.85%) and
organic matter digestibility (OMD) (77.25%)
while the lowest wastreatment A (69.43%).
The range of crude protein digestibility (CPD)
of the treatment was 71.26-86.01%. Also,
treatment C got the highest CPD (88.01%)
while, treatment A appeared to have the lowest
CPD (71.26%).
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Table 6. The Nutrient digestibility as affected by treatments.

Parameters Treatments SEM
(%) A B C D

Dry Matter a b c a
Digestibilit 67.97%¢ 73.35 76.85 68.45 0.62
Organic
Matter
Digestibility
Crude
Protein
Digestibility
Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P<0.05)

69.438  74.07° 77.25° 69.97%  0.60

72197 74.83* 86.01" 71.26° 210

Discussion
Milk Production

Milk production in this study did not differ (P>0.05)
between treatments, but treatments that received various
types of forage and PKCC+TW (B, C and D treatments)
revealed higher milk production compared A treatments.
Milk production is related to the protein value of the
ration. Rations B, C, and D contain higher crude protein
than ration A (Table 3). In the rumen, crude protein will
be converted into NHz. Rumen microbes utilized nitrogen
from NH; for growth (Pazla et al., 2021b). Optimal
microbial growth increased microbial activity in
fermenting polysaccharides into VFA (Suyitman et al.,
2021). VFA is the primary source of energy in ruminants.
Optimal energy will optimize livestock productivity in
milk production.

Although not statistically significant, milk production
increased by replacing field grass with tithonia, gamal,
and cassava leave (P>0.05). This proves that tithonia
leaves, cassava leaves, gamal, and concentrate
(PKCC+TW) can increase ECDG milk production. The
higher milk production in treatments B, C, and D was in
line with the crude protein content of the rationcontributed
from tithonia, cassava leaves, and gamal as well as
PKCC+TW. Protein plays a significant role in
maintaining mammary gland cells. The production of
hormones and enzymes for milk biosynthesis is also
strongly influenced by feed protein. Arief et al. (2018a)
reported ECDG milk production about 1.83 Kg/day which
is different from the current study. The difference is due
to the type of forage and concentrate used.

Milk Quality

The value of milk protein in this study ranged from
4.89-6.26% and this value are higher than the normal
range of 2.75-3% (SNI, 2011). Based on the Thai
Agricultural Standard, this milk protein has been
categorized as premium milk quality (TAS 6006, 2008).

In treatment B and C with tithonia forage, cassava leaves
and PKCC+TW showed the highest milk protein. The
increase in milk protein content was caused by the
combination of forages containing high protein (tithonia
and cassava leaves) with PKCC+TW. Ration B and C can
increase the supply of amino acids in the rumen to the
intestine. Consumption of high-quality ration protein by
ECDG is not all degraded in the rumen. Protein also enters
the small intestine to be converted into amino acids.
Amino acids are absorbed in the small intestine, flow
through the circulatory system, and get into theudder.
After that, the process is continued on the synthesis of
milk protein. The results of this study followJamarun et
al. (2020a), who said that dairy goats given high crude
protein could increase milk protein.

Glucose and galactose are the constituent elements of
lactose while the average lactose content in this study is
about 3.44-6.73%. According to (SNI, 2011) the lactose
content of milk is 2-3%. Also, Ratya et al. (2017) reported
that the lactose content of ECDG milk was 3.70-3.80. This
study indicates that the lactose content of ECDG milk is
still in the normal category, and some have the premium
category. Treatment B (tithonia + PKCC+TW) resulted in
higher levels of lactose (P<0.05) compared to other
treatments. Tithonia contains amino acids. The absorbed
amino acids in the intestine are broken down into simple
sugars. The process occurs in the liver called
gluconeogenesis. Gluconeogenesis will increase the
glucose level in the blood so that milk lactose level also
rises. Zhang et al. (2018) stated that glucose is the main
precursor in the formation of lactose in milk. High soluble
carbohydrates cause the substrate availability needed in
the milk lactose synthesis process (Arief et al., 2018b).
Lactose in treatment B was not different (P<0.05) with
treatment A. Treatment Acontained more concentrate,
namely tofu waste. Tofu waste is feed ingredients
classified as carbohydrates that are easily digested.
Carbohydrates are converted to VFA (propionic acid).
Propionic acid enters the process ofgluconeogenesis. The
blood immobilizes glucose to the udder gland to
synthesize lactose in milk (Arief et al., 2020).

The highest milk fat content was found in treatment
B (tithonia + PKCC + TW) and was not significantly
different (P>0.05) with treatment D (Gamal + PKCC
+TW). Treatments A and C were also not critically
different (P>0.05) on the fat content. The high-fat content
in treatment B was due to the consumption of crude fiber
in the ration, which was higher than the other treatments.
In addition, the increase milk fat content is also influenced
by high feed fat consumption. The fat in the rumen is
converted into fatty acids (Makmur et al., 2020). Fatty
acids are the precursors in the milk fat formation. ECDG
that consume feed with high-fat content tends to have high
milk fat.
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The SNF value of the ECDG treatment is about 13.30-
15.01%. The lowest mean value was in the control
treatment (A), namely the ration containing field grass and
tofu waste. The highest mean value was indicated by
treatment B and followed by treatment C and D. These
data indicated that the SNF of treated ECDG milk
exceeded the standard. SNI (2011) states that the SNF
requirement for milk is 6-8%. The highest SNF was
obtained due to high protein and lactose content in
treatment B. The rise of SNF level occurs due to the fat
content that is not included in that section so that the
remaining protein and lactose levels can affect the high
percentage produced. The high SNF in treatment B was
also influenced by the high BJ value in the treatment
compared to other treatments. Utari et al. (2012)reported
that the SNF of goat's milk-fed with a complete diet
ranged from 10.33-11.61%. The difference is due to the
high disparity between the dry matter and milk fat content.

Specific gravity is a derived quantity from the quotient
of mass and volume. The specific gravity ofmilk can
be used to determine the adulteration of milk added by
coconut milk, and other ingredients that should not be
present in whole milk (Fitriansyah et al., 2014). This study
indicates that the average specific gravity of ECDG milk
treatment with the highest average was obtained in
treatment B, which was 1.0289, while the lowest average
specific gravity was obtained in treatmentA, with 1.0285.
The statistical analysis results showed that there was no
significant difference (P>0.05) betweentreatments on the
milk-specific gravity. The range ofspecific gravity of milk
was in the normal range, according to (SNI, 2011).
Bhattarai (2012) stated that theSpecific gravity of goat's
milk is higher than cow's milk. Changes in specific gravity
are influenced by the specificgravity of each component
of milk consisting of protein, lactose, and fat.

Total solid is a description of the solid content in milk.
Treatment B has the highest total solid, 21.78%, while
treatment A shows the lowest total solid, which is 16.87%
(Table 4). The provision of various types offorage and
PKCC+TW on ECDG can produce a total solid that is
following (SNI, 2011) which is minimum 10.8%. The
administration of various forage and PKCC+TW was
significantly different (P<0.05) to the total solid (Table 4).

The low total solid in treatment A was due to the lower
nutritional quality in the treatment than other treatments.
Treatment A only contained field grass and tofu waste.
The difference between the total solid components
between treatments occurred due to differences in the use
of nutrients in the feed. Similarly, Arief et al., (2021)
stated that the total solid depends on the nutrients
consumed by livestock. Nutrients will be used as
precursors in the formation of solids in milk.

The pH value of milk in this study was 6.76-6.86.
The value follows the standard of (TAS 6006, 2008)
which is 6.5-6.8. The PH value is an indication of
damage to milk. Different pH values can be caused by
the content of freshly milked fresh milk such as CO,
phosphate, citrate, and protein. Some of these
compounds affect the ability of milk buffer. Milk buffer
can inhibit milk's deterioration, which is induced by
changes in pH and acidity of milk (Zain, 2013). If there
is bacterial activity, the pH value changes to acid
(Swadayana et al., 2012). A pH value above 6.7 usually
indicates the possibility of mastitis (Legowo et al., 2009).
The content of Ca and P in treatment A which only
received feed ingredients from field grass and tofu waste
was the lowest value compared to other treatments which
got the feed from tithonia forage, cassava leaves, and
gamal as well as PKCC+TW. The nutritional quality of
the given ration determines the minerals of the milk
produced. Pazla et al., (2021c) reported that the Ca and P
content of tithonia was richer than field grass, namely
0.99% Ca and 0.33% P. Field grass only contained
0.07% Ca and 0.09% P.

Feed Intake

The replacement of field grass with various forages
(tithonia, cassava leaves, and gamal) and the replacement
of tofu waste with PKCC can increase (P<0.05) the dry
matter intake (DMI) (Table 5). Treatments B, C, and D
showed better DMI than treatment A. Treatment A only
obtained forage sources from field grass, while other
treatments obtained forage in the form of leaves liked by
goats. Pazla et al., (2018b) stated that high DMI indicated
good palatability of feed ingredients. Good palatability
encourages livestock to consume many nutrients. The
performance of an animal will be more productive due to
nutrition. Palatability is the most influential factor on DMI
of livestock. The DMI in this study showed a better
percentage when compared to Isah et al., (2015) with
DMI values 0.89 kg/head/day. Rosartio et al., (2015) get
a DMI which is almost the same as this study, which is
2.73-3.83 kg/head/day. The difference is due to the quality
of the forage provided.

The highest DMI was found in treatment C with an
average of 3.85 kg/head/day. Giving cassava leaves up to
50% is still palatable for ECDG so that their consumption
increases. This is due to the goat's habit of "browsing" in
search of food and its preference for leaves. The highest
crude protein level in treatment C (Table 3) was also the
factor causing the increase in DMI(Table 5). Similarly,
Suyitman et al., (2020) state that DMI of feed is
influenced by feed digestibility, palatability, crude protein
content, and organic matter content.
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Treatment A showed the lowest DMI compared to
other treatments (P<0.05). The low intake in treatment A
was caused by the forage given which was only field
grass. Field grass has low nutrient content and palatability
compared to forages in other treatments.

The intake pattern of organic matter follows the
pattern of DMI. Dry matter is the main component in
addition to water content in animal feed ingredients, while
organic matter is part of dry matter. The increasein DMI
impacted the rise of OMI as reported by (Febrinaet al.,
2017). The average OMI during the study ranged from
2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly (P<0.05) lower than the other treatments.
Low OMC is caused by low DMI.

Crude protein intake in treatments B, C, and D (Table
5) showed higher value than treatment A (P < 0.05).
Treatment C which got cassava leaf forage revealed the
highest value (0.91 kg/head/day). The crude protein
content of cassava leaves is also higher than other forages.
CPl is strongly influenced by the crude protein content of
feed ingredients. In addition, DMI was also the factor
causing the rise of CPI in treatment C. Likewise, Arief et
al. (2021b) stated that the CPI was influenced by the
protein content in the ration. The high CPI will affect the
high utilization of feed protein for production needs.
Giving cassava leaves can increase theCPI.

Moreover, Marwah et al., (2010) found a lower CPI
than the CPI in this study, which was 0.34 kg/head/day.
The difference is due to the distinct types of forage and
concentrates given to ECDG. The ration in recent study
was superior because the forage provided had high protein
and concentrate with more diverse components.

The anti-nutritional effect of tithonia, cassava, and
gamal leaves up to 50% in the ration has not been seen in
reducing feed intake. This proves that up to a level of 50%,
the provision of tithonia, cassava leaves, and gamal in
rations is safe for livestock. Several studies on tithonia,
cassava leaves, and gamal added to the ration mix did not
affect the productivity and digestibility of ruminantsif the
dose was not excessive (Jamarun et al., 2020b).

Nutrient Digestibility

The treatment of various forage sources and
PKCC+TW concentrates gave a significantly different
effect (P<0.05) on the digestibility of dry matter, organic
matter, and crude protein. ECDG that received cassava
leaf forage and PKC concentrate revealed higher
digestibility than the goats that was given field grass,
tithonia, and gamal. This means that cassava leaves can
play a role in increasing digestibility (significantly
different at P<0.05).

Whether or not the quality of a ration given to
livestock can be seen from the percentage of DMD. The

higher the DMD, the higher the opportunity for nutrients
utilized by livestock for growth and production. Odedire
dan Oloidi (2014) obtained lower DMD scores than this
study, which was 70.98%. Isah et al., (2015) got the higher
DMD which was 754%. The difference in DMDis due to
the type and nutritional content of the rations given.

The average DMD value of the treatment ration
increased with the provision of tithonia forage, cassava
leaves, and PKC concentrate (Table 6). In this case, this is
due to the better nutritional content of the ration. The
percentage of OMD in this study ranged from 69.43 to
77.25%. Statistical analysis showed that the treatment of
various forages and PKC-based concentrates had a
significant effect (P 0.05) on OMD. Treatment C got the
highest OMD (77.25%) while the lowest was treatment
A (69.43%). The OMD value increased along with the rise
of the DMD. Jamarun et al. (2018c) reported that the
pattern of OMD is related with DMD. Most of the dry
matter content is digestible organic matter such as
carbohydrates, proteins, and fats.

The range of crude protein digestibility of the
treatment was 71.26-86.01%. Treatment C got the highest
CPD (88.01%) while treatment A got the lowest CPD
(71.26%). The chemical composition of feed ingredients
dramatically affects the level of digestibility. The quality
of the ration is proportional to the digestibility of crude
protein. CPD is also associated with the consumption of
crude protein. High crude protein consumption will result
in high crude proteindigestibility. Putri et al. (2021) stated
that crude protein digestibility is influenced by microbial
protein synthesis. Microbial protein synthesis will
increase along with the rise in ration protein (Pazla et al.,
2018c).

The treatment of giving various forages and
PKC+TW concentrates had a significant effect (P<0.05)
on the increase in CPD. This means that the application of
tithonia, cassava leaves, and gamal up to 50% could
maintain the CPD. Crude protein digestibility is highly
dependent on the performance of proteolytic bacteria.
Proteolytic bacteria are bacteria that produceextracellular
protease enzymes that will break down protein in feed.
The significant difference (P<0.05) between treatments
was due to different proportions of proteolytic bacteria in
each treatment. The CPD in this study was higher than
Supriyati and Haryanto (2011), who obtained the CPD of
the combination of elephant grass and palm kernel cake of
73.027% - 75.99%. The difference is due to the feed
ingredients which are concentrate and forage.

Conclusion
From the description stated above, the conclusions of
the research are as follows:
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1. Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate based
palm kernel cake can increase feed consumption and
digestibility

2. Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate-based
palm kernel cake increases protein, lactose, fat, and
calcium of milk but did not affect solid nonfat, total
solids, pH, and specific gravity of milk.
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Abstract - Using Tithonia (Tithonia diversifolia), Cassava leaves (Manihot
utilisima), and Gamal (Gliricidia sepium) as an alternative fiber and palm
concentrate as an alternative protein is one of the ways to do this effective
feeding strategy under a limited supply or lack of feed sources for Etawa
Crossbreed Dairy Goats (ECDG).This research aimed to study the productive
traits and milk quality of ECDG fed on several sources of forage with palm
kernel cake concentrate (PKCC). The experimental design was completely
randomized with four treatments of feed formulation. Treatment formulations
were as follows: A. 50% tofu waste (TW) + 50% field grass (control); B. 25%
TW + 25% PKCC + 50% tithonia (Tithonia diversifolia); C. 25% TW+ 25%
PKCC + 50% cassava leaves (Manihot utilisima); D. 25% TW + 25% PKCC
+ 50% Gamal (Gliricidia sepium). The parameters measured were dry matter
intake (DMI), organic matter intake (OMI), crude protein intake (CPI), dry
matter digestibility (DMD), organic matter digestibility (OMD), crude protein
digestibility (CPD), milk production, and milk quality (protein, lactose, fat,
Solid Non-fat (SNF), Total Solid (TS), pH, specific gravity, and minerals such
as calcium and phosphorus). The results showed that the treatment hadno
significant effect on milk production, SNF, pH, specific gravity, and P.
However, the effects were significant (P<0.05) on parameters such as DMI,
OMI, CPI, DMD, OMD, CPD, protein, lactose, fat, TS, and Ca of milk. It can
be concluded that the replacement of field grass with forage sources such as
Tithonia, Cassava leaves, and Gamal and the replacement of tofu waste with
concentrate-based palm kernel cake could increase feed intake, digestibility,
protein, lactose, fat, and calcium of milk.

Keywords: Goat, Forage, Milk, Nutrition, Palm concentrate.

Introduction

Forage such as elephant grass is the main feed for
ruminants to provide crude fiber. Other unconventional
forage sources are Tithonia (Tithonia diversifolia),
Cassava leaves (Manihot utilisima), and Gamal
(Gliricidia sepium) were suggested. Tithonia is a shrub

/// Science

// [Publications

or weed-like plant that grows a lot in empty land,
roadsides, and rice fields. In West Sumatra, tithonia is also
known as the paitan plant because of its bitter leaves(Pazla
et al., 2021a). Tithonia plants have not been widely used
as a source of organic matter, fertilizer, or animal feed
ingredients. However, tithonia is quite favored by
livestock because of its high protein content

© 2022 Arief and Roni Pazla. This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0

license.
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of up to 22.98% (Jamarun et al., 2019). Also, Cassava
leaves and Gamal are nutritious foraged ingredients that
are useful for livestock.

Furthermore, livestock needs concentrated feed
ingredients for energy. The prices of concentrate
ingredients, especially corn, are expensive. Therefore, it
is necessary to look for alternative feed ingredients with
abundant availability and quality to reduce dependence on
imported feed ingredients. One of the concentratefeed
ingredients is a by-product of the palm oil processing
industry, namely palm kernel cake (PKC). Viewed from
the production aspect, 60% of the total palm oil industry
products are by-products. PKC is useful as an alternative
feed ingredient for livestock because it has good
nutritional composition and great potential as a source of
concentrated feed ingredients for livestock (Arief et al.,
2019a).

In addition to dairy goats, livestock that can be
developed as milk-producing is Etawa Crossbred Dairy
Goats (ECDG). The ECDG crosses between Etawa goats
and Indonesian Kacang goats. The advantage of ECDGis
that they have good adaptability to the different
environmental macroclimatic conditions in Indonesia.
ECDG are dual-purpose type goats that have good
reproductive characteristics and better nutritional milk
content than cow's milk (Arief et al., 2019b). ECDG is
raised for milk production, especially in Indonesia (Arief
et al., 2019b). Goat's milk contains minerals such as Ca,
P, and Mg which are higher than cow's and human milk.
The high content of medium-chain fatty acids is beneficial
for the body because it is rapidly oxidized by the liver and
induces a full effect (Vaquil and Rathee, 2017). Besides,
goat's milk has medicinal properties that can cure various
diseases such as asthma and tuberculosis (Pal U et al.,
2011).

Research on the use of various forage sources
combined with the provision of by-products from the
palm oil industry and tofu waste as feed ingredients for
lactating ECDG concentrates has never been carried out.
If this potential is explored properly, non-conventional
forage sources and the palm oil industry will play a
significant role in providing animal feed, especially dairy
goats, which are useful for supporting food self-
sufficiency programs, especially milk in Indonesia
(Pazla, 2018a). This research aimed to study the
productive traits and milk quality of ECDG fed on several
sources of forage with palm kernel cake concentrate
(PKCC).

Materials and Methods

Ethical Approval

This experiment has referred to research ethics using
livestock based on the Republic of Indonesia

government law number 18 of 2009 (Section 66), which
addressed animal keeping, raising, killing, and proper
treatment and care.

Experimental Design and duration

This research was conducted at an ECDG livestock
company in Payakumbuh, West Sumatra, Indonesia (-
0.2330638,100.6268024). There were 16 ECDGs in the
second month of lactation used in this research. The
selected ECDG at 1-1.5 years and 58-60 kg. The
environmental temperature condition around the cage is
26°C with relative humidity ranging from 45-50%. The
system for raising livestock, feeding, and drinking water
are carried out intensively, where all the livestock needs
are available in cages with adequate water sources and
fulfill drinking water requirements for livestock.
Likewise, the cage's air circulation, ventilation, and
lighting systems have met the requirements of a good
livestock business.

The livestock business has been managed according to
Good Farming Practice procedures, especially regarding
maintenance systems such as the cleanliness ofthe cage
and cage environment and handling of milk after milking.
Stables, equipment, and livestock are always cleaned to
produce healthy, hygienic milk.Treatment is done if there
are cases of disease that attack livestock. Cleanliness of
stables, livestock, and equipment is always routinely
carried out daily so livestock is protected from disease. To
maintain the health and productivity of livestock, breeders
administer deworming drugs orally once every six months
under thebrand name Verm O. Specifically, regarding
animal welfare, breeders have implemented and paid
attention tothe principles of animal welfare in their
livestock, especially regarding animal freedom
provisions, namely freedom from hunger and thirst,
discomfort, pain, injury, and disease, and freedom from
normal express behavior.

This experiment used a 4 x 4 completely randomized
design determined by four treatments of feed formulation
as follows: A. 50% tofu waste (TW) + 50% Field grass
(control); B. 25% TW + 25% Kernel Cake Concentrate
(PKCC) + 50% tithonia; C. 25% TW+ 25% PKCC +
50% Cassava leaves; D.25% TW + 25% PKCC + 50%
Gamal for a total of 16 experimental units. ECDGs were
placed in individual cages with a size of 1.25 m x1.00 m.
The experimental cage was given disinfectant (anti-
microorganism) to inhibit and kill microorganism and all
ECDG were given deworming before the study started.
All ECDGs were confirmed not to have mastitis. The
experiment was carried out for 50 days consisting of 30
days of the adaptation period, 15 days of the preliminary
period, and 5 days of the collecting period.
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Table 1. The nutritional content of each feed ingredient. Protein 15.17 20.74 22.82 18.80

Feedstuff Crude Fiber  14.48 17.14 18.02 17.93

Nutrient NFE 55.21 47.17 47.72 54.60

(%) F'f;;’: T c G Er'gﬁ T;:t“e PKC CornNDF 63.24 5805 5860  53.70

Wi

g TDN 66.63 66.54 74.85 69.04

Dry Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Matter 2329 2557 3110 2142 87.80 2840 9183 8580  Fiber, TDN = Total Digestible Nutrient

Organic 9241 8401 89.85 94.85 90.80 97.67 9141 99.10 The experimental ration consisted of forage and
Mater concentrate in a ratio of 50:50. The ration was given at
Protein 1023 2298 27.15 19.11 1072 2011 12,36 07.730.5% of body weight-based dry matter (NRC, 2007).
Crude Drinking water was available ad libitum. The nutritional
Fiper ~ 2544 1817 1912 1975 1160 1900 26.68 024c4ontents of each feed ingredient are presented in Table 1.
The composition and nutritional contents of palm kernel
Eé(ttr:ae(r:t 364 0471 352 298 0873 0125 823 O035c0ake-based concentrates are presented in Table 2. The
composition and nutritional contents of the experimental
NFE 531 3815 3926 5301 5975 57.31 4414 854r6ations are explained in Table 3. Proximate analysis of
NDF 6720 5503 5613 4633 55.13 59.28 66.70 49.9féeed ingredients (dry matter, ash, protein, extract ether,
TDN 5865 6260 7921 67.60 6663 7461 6540 81.930nd crude fiber) was carried out following (AOAC,

Note: T= Tithonia, CL = Cassava leaf, G=Gamal, PKC = Palm
Kernel Cake, NFE = Nitrogen Free Extract, NDF =Neutral
Detergent Fiber, TDN = Total Digestible Nutrient

Table 2. The composition and nutrients of palm kernel cake
concentrate (%DM)

Feed Ingredients Level (%)
Palm kernel cake 40.00
Rice bran 20.00
Corn 9.00

Tofu waste 30.00
Mineral 1.00
Nutrient Percentage (%)
Dry matter 91.84

Ash 9.88
Crude protein 16.88
Crude fiber 13.22
NFE 55.06
NDF 62.84
TDN 66.36

Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient
Table 3. Composition of treatments ration (%)

Feed Treatments

Materials A B C D
Field grass 50 0 0 0
Tithonia 50 0 0
Cassava - - 50 0
Gamal - - 0 50
PKCC - 25 25 25
Tofu waste 50 25 25 25
Total 100 100 100 100
Nutrient

composition

Dry Matter 25.85 42.85 45,61 40.77
Ash 4.96 11.05 8.13 5.63

2005). NDF was determined following (Goering and Van
Soest, 1970). TDN was estimated with the following
formula (Moran, 2005):

TDN = 531 + 0.412 CP% + 0.249 CF% +
1.444 EE% + 0.937 NFE%
Where: CP = crude protein; CF = crude fiber; EE =
extract ether; NFE = nitrogen free extract

Collection of Fecal Samples

The sewage collection from the ECDG was carried out
for 5 days from the 46" day to the 50" day. The dirt was
weighed every day at 8 am (the weight of fresh dirt). Then
200 grams of dirt was taken as a sample to analyze the dry
matter, ash, and crude protein content. The samples were
oven to 60°C for 8 hours and then weighed(dry weight).
Before analysis in the laboratory, goat hair attached to the
manure was removed.

Milk Sample Collection

Every day, the milk production of each experimental
animal was weighed and recorded. Milk samples were
taken 2 times during the study for quality testing asmuch
as 300 mL per treatment goat. Before sampling,the
nipples were cleaned so that the dirt that sticks out can be
lost and does not contaminate the milk. Then,milk sample
was taken and stored in a cool box to avoid microbial
contamination. Finally, milk samples were taken to the
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laboratory for analysis.

Parameters Measured
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The variables measured were dry matter intake (DMI),
organic matter intake (OMI), crude protein intake(CPI),
dry matter digestibility (DMD), organic matter
digestibility (OMI), Crude protein digestibility (CPI),
milk production, and milk quality parameters such as milk
protein, lactose, milk fat, total solid (TS), Solid Non-Fat
(SNF), pH, BJ, and Ca and P mineral. Protein, lactose, and
fat were measured using the method of (AOAC, 2005),
SNF and TS were measured using lactoscan MCC50, pH
was measured using a pH meter digital HI9807-phep,
Singapura, while Specific Grafity was measured using a
Lactodensimeter merk Funke Gerber Germany.

Statistical Analysis

Experimental data were analyzed using the analysis
of variance (ANOVA) with a completely randomized
design (Steel and Torrie, 2002) using SPSS software
version 20. Parameters mean showed statistical
differences in probabilities level of P<0.05 compared
using the Duncan multiple range tests. The statistical
model and experimental design were as foloows:

Yij = u + Mi + sij

Where, Yij denotes the observation variable, [
denotes the overall mean, M denotes the effect of
treatments and ij denotes the residual effect.

Results
Milk Production

Optimal milk production and quality are the goal and
hope of dairy goat farmers. The quality of feed greatly
determines the optimal production and quality of milk.
Milk production in this study did not differ between
treatments (P>0.05), but treatments that received various
types of forage (Tithonia, Cassava leaves, and Gamal) and
PKCC showed higher milk production (Fig. 1).

Milk Production (Kg/d)

1,2 1,16

114 11
11
1,01
1
0,9
A B c D

Fig.1: Milk production as affected by treatments

Milk Quality

The results on the quality of ECDG goat milk showed
that treatment C had the highest milk protein contents
(Table 4) which was not significantly different from
treatments B and D. Treatment B resulted in higher levels
of lactose (P<0.05). The highest milk fat content was
found in treatment B which was not significantly different
from treatment D. The highest SNF was obtained due to
the high protein and lactose contents in treatment B. The
statistical analysis showed that there was no significant
difference between treatments on the specific gravity of
milk. Treatment B had the highest total solid, 21.78%,
and treatment A exhibited the lowesttotal solid up to
16.87%. The pH value of milk in this study was 6.76-6.86.
The contents of Ca and P in treatment A expose the lowest
value when compared to treatments B, C, and D, which
received ingredients from Tithonia forage, Cassava
leaves, and Gamal, as well as PKCC.

Table 4. Milk quality of the different experimental groups.

Parameters Treatments SEM
A B C D

Protein (%) 4.892 5.99P 6.26° 6.01° 0.25
Lactose (%) 5.582 6.732 3.55b 3.44b 0.54
Fat (%) 3.582 6.78P 3.702 6.05° 0.34
Solid Non-Fat
(SNF) (%) 13.30 15.01 13.92 13.79 0.60
Total Solid
(TS) (%) 16.872 21.78¢ 17.62 19.84bc 0.81
pH 6.86 6.78 6.76 6.81 0.04
Specific
Gravity 1.0285 1.0289 1.0288 1.0288 0.0002
(g/cmd)
Ca (%) 0.342 0.47b 0.56°¢ 0.73d 0.18
P (%) 0.23 0.27 0.29 0.26 0.24

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P>0.05)

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC could increase
(P<0.05) the dry matter intake (DMI) (Table 5).
Treatments B, C, and D revealed better DMI. The average
organic matter intake (OMI) during the study ranged from
2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly (P<0.05) lower than the other treatments.
Crude protein intake (CPI) in treatments B, C,and D
indicated a higher value (P < 0.05). Treatment C exhibited
the highest value (0.91 kg/head/day).
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Table 5. Feed intake of the different experimental groups.

Parameters Treatments SEM
(Kg/day) A B C D

DMI 2.37¢  3.06" 3.85° 3.31¢ 0.63
OoMI 2232 281" 353¢ 3.12d 0.64
CPI 0.392  0.53% 0.91° 0.65°  0.64

Note: Different superscripts (a.b,c,d) in the same line showed
significant differences (P>0.05)

Nutrient Digestibility

The treatment of various forage sources and PKCC
concentrates gave a significantly different effect (P<0.05)
on the digestibility of dry matter, organic matter, and
crude protein (Table 6). Treatment C revealed the
highest dry matter digestibility (DMD) (76.85%) and
organic matter digestibility (OMD) (77.25%) while the
lowest was treatment A (69.43%). The range of crude
protein digestibility (CPD) of the treatment was 71.26-
86.01%. Also, treatment C showed the highest CPD
(88.01%) while, treatment A appeared to have the lowest
CPD (71.26%).

Table 6. Nutrient digestibility of the different experimental
groups.

Parameters Treatments SEM
(%) A B C D

Dry Matter 67.972 73.35> 76.85° 68.45*  0.62
Digestibility

Organic

Matter 69.432  74.07° 77.25° 69.972  0.60
Digestibility

Crude

Protein 72198 7483 86.01° 71.268  2.10
Digestibility

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P<0.05)

Discussion
Milk Production

Milk production in this study did not differ between
treatments, but treatments that received various types of
forage and PKCC+TW (B, C, and D) revealed higher milk
production. Milk production is related to the proteinvalue
of the ration. Rations B, C, and D contained highercrude
protein. In the rumen, crude protein will be converted into

of energy in ruminants. Optimal energy will optimize

livestock productivity in milk production.
Although not statistically significant, milk production

increased by replacing field grass with Tithonia, Gamal,
and Cassava leave. This proves that Tithonia leaves,
Cassava leaves, Gamal, and concentrate (PKCC+TW)
could increase ECDG milk production. The higher milk
production in treatments B, C, and D was in line with the
crude protein content of the ration contributed from
Tithonia, Cassava leaves, and Gamal, as well as
PKCC+TW. Protein plays a significant role in
maintaining mammary gland cells. The production of
hormones and enzymes for milk biosynthesis is also
strongly influenced by feed protein. Arief et al. (2018a)
reported ECDG milk production of about 1.83 Kg/day
which is different from the current study. The difference
is due to the type of forage and concentrates used.

Milk Quality

The value of milk protein in this study ranged from
4.89-6.26% and this value is higher than the normal range
of 2.75-3% (SNI, 2011). Based on the Thai Agricultural
Standard, this milk protein has been categorized as
premium milk quality (TAS 6006, 2008). Treatments B
and C with Tithonia forage, Cassava leaves, and
PKCC+TW showed the highest milk protein.

The increase in milk protein contents was caused by the
combination of forages containing high protein (Tithonia
and Cassava leaves) with PKCC+TW. Rations B and C

can increase the supply of amino acids in the rumen to
the intestine. Consumption of high-quality ration protein

by ECDG is not all degraded in the rumen. Protein also

enters the small intestine to be converted into amino
acids. Amino acids are absorbed in the small intestine,

flow through the circulatory system, and get into the

NHs. Rumen microbes utilized nitrogen from NH; for
growth (Pazla et al., 2021b). Optimal microbial growth
increased microbial activity in fermenting polysaccharides
and converted them into VFA (Suyitman et al., 2021).
VFA is the primary source
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udder. After that, the process continued with the
synthesis of milk protein. The results of this study follow
Jamarun et al. (2020a), who stated that dairy goats given
high crude protein could increase milk protein.

Glucose and galactose are the constituent elements of
lactose while the average lactose content in this study is
about 3.44-6.73%. According to (SNI, 2011) the lactose
content of milk is 2-3%. Ratya et al. (2017) reported that
the lactose content of ECDG milk was 3.70-3.80. This
study indicated that the lactose content of ECDG milk is
still in the normal category, and some have the premium
category. Treatment B (Tithonia + PKCC+TW) resulted
in higher levels of lactose. Tithonia contains amino acids.
The absorbed amino acids in the intestine were broken
down into simple sugars. Gluconeogenesis in the liver
will increase the glucose level in the blood so that the
milk lactose level also rises. Zhang et al. (2018) stated
that glucose is the main precursor in the formation of
lactose in milk. High-soluble carbohydrates cause the
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substrate availability needed in the milk lactose synthesis
process (Arief et al., 2018b). Lactose in treatment B was
not different from treatment A. Treatment A contained
more concentrate (tofu waste). Tofu waste is feed
ingredients classified as carbohydrates that are easily
digested. Carbohydrates are converted to VFA (propionic
acid). Propionic acid enters the process of
gluconeogenesis. The blood immobilizes glucose in the
udder gland to synthesize lactose in milk (Arief et al.,
2020).

The highest milk fat content was found in treatment B
(Tithonia + PKCC + TW) and was not significantly
different from treatment D (Gamal + PKCC +TW).
Treatments A and C were also not critically different in
the fat contents. The high-fat contents in treatment B were
due to the consumption of crude fiber in the ration, which
was higher than the other treatments. In addition, the
increased milk fat contents are also influenced by high
feed fat consumption. The fat in the rumen is converted
into fatty acids (Makmur et al., 2020). Fatty acids are the
precursors in milk fat formation. ECDGs that consume
feed with high-fat content tend to have high milk fat.

The SNF value of the ECDG treatment is about 13.30-
15.01%. The lowest mean value was in the control
treatment (A. The highest mean value was indicated by
treatment B and followed by treatments C and D. These
data indicated that the SNF of treated ECDG milk
exceeded the standard. SNI (2011) stated that the SNF
requirement for milk is 6-8%. The highest SNF was
obtained due to the high protein and lactose content in
treatment B. The rise of SNF level occurs due to the fat
content that is not included in that section so the
remaining protein and lactose levels can affect the high
percentage produced. The high SNF in treatment B was
also influenced by the high BJ value in the treatment
compared to other treatments. Utari et al. (2012)reported
that the SNF of goat milk-fed with a complete diet ranged
from 10.33-11.61%. The difference is due to the high
disparity between the dry matter and milk fat content.

Specific gravity is a derived quantity from the quotient
of mass and volume. The specific gravity ofmilk can be
used to determine the adulteration of milk added by
coconut milk, and other ingredients that shouldnot be
present in whole milk (Fitriansyah et al., 2014). This study
indicated that the average specific gravity of ECDG milk
treatment with the highest average was obtained in
treatment B, while the lowest average specific gravity
was obtained in treatment A. The statistical analysis
results showed that there was no significant between
treatments on the milk-specific gravity. The specific
gravity of milk was in the normal range, according to
(SNI, 2011). Bhattarai (2012) stated that the specific
gravity of goat's milk is higher than

cow's milk. Changes in specific gravity are influenced by
the specific gravity of each component of milk consisting
of protein, lactose, and fat.

Total solid is a description of the solid content in milk.
Treatment B has the highest total solid, while treatment A
shows the lowest total solid. The provisionof various
types of forage and PKCC+TW on ECDG canproduce a
total solid that is following (SNI, 2011) which is a
minimum of 10.8%. The administration of various forage
and PKCC+TW was significantly different (P<0.05) from
the total solid.

The low total solid in treatment A was due to the lower
nutritional quality in the treatment than other treatments.
Treatment A only contained field grass and tofu waste.
The difference between the total solid components
between treatments occurred due to differences in the use
of nutrients in the feed. Similarly, Arief et al., (2021)
stated that the total solid depends on the nutrients
consumed by livestock. Nutrients will be used as
precursors in the formation of solids in milk.

The pH value of milk in this study was 6.76-6.86.
The value follows the standard of (TAS 6006, 2008)
which is 6.5-6.8. The PH value is an indication of
damage to milk. Different pH values can be caused by
the content of freshly milked fresh milk such as CO,,
phosphate, citrate, and protein. Some of these
compounds affect the ability of milk buffer. Milk buffer
can inhibit milk's deterioration, which is induced by
changes in the pH and acidity of milk (Zain, 2013). If
there is bacterial activity, the pH value changes to acid
(Swadayana et al., 2012). A pH value above 6.7 usually
indicates the possibility of mastitis (Legowo et al., 2009).
The content of Ca and P in treatment A which only
received feed ingredients from field grass and tofu waste
was the lowest value. The nutritional quality of the given
ration determines the minerals of the milk produced.
Pazla et al., (2021c) reported that the Ca and P content of
Tithonia was richer than field grass, namely 0.99% Ca
and 0.33% P, while field grass only contained 0.07% Ca
and 0.09% P.

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC can increase the dry
matter intake (DMI). Treatments B, C, and D showed
better DMI. Pazla et al., (2018b) stated that high DMI
indicated good palatability of feed ingredients. Good
palatability encourages livestock to consume many
nutrients. The performance of an animal will be more
productive due to nutrition. Palatability is the most
influential factor in the DMI of livestock. The DMI in this
study showed a better percentage when compared to Isah
et al., (2015) with DMI values of 0.89 kg/head/day.
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Rosartio et al., (2015) get a DMI that is almost the same
as this study, which is 2.73-3.83 kg/head/day. The
difference is due to the quality of the forage provided.

The highest DMI was found in treatment C with an
average of 3.85 kg/head/day. Giving Cassava leaves up
to 50% is still palatable for ECDG so their consumption
increases. This is due to the goat's habit of "browsing™ in
search of food and its preference for leaves. The highest
crude protein level in treatment C was also the factor
causing the increase in DMI. Similarly, Suyitman et al.,
(2020) state that the DMI of feed is influenced by feed
digestibility, palatability, crude protein contents, and
organic matter contents.

Treatment A showed the lowest DMI. The low intake
in treatment A was caused by the forage given. Field grass
has low nutrient contents and palatability compared to
forages in other treatments.

The intake pattern of organic matter follows the
pattern of DMI. Dry matter is the main component in
addition to water content in animal feed ingredients, while
organic matter is part of dry matter. The increasein DMI
impacted the rise of OMI as reported by (Febrinaet al.,
2017). The average OMI during the study ranged from
2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly lower than in the other treatments. LowOMC
is caused by low DMI.

Crude protein intake in treatments B, C, and D
showed a higher value. Treatment C which got Cassava
leaf forage revealed the highest value (0.91 kg/head/day).
The crude protein content of Cassava leaves is also
higher than other forages. CPI is strongly influenced by
the crude protein content of feed ingredients. In addition,
DMI was also the factor causing the rise of CPI in
treatment C. Likewise, Arief et al. (2021b) stated that the
CPI was influenced by the protein content in the ration.
The high CPI will affect the high utilization of feed
protein for production needs. Giving Cassava leaves can
increase the CPI.

Marwah et al., (2010) found a lower CPI than the
CPI in this study, which was 0.34 kg/head/day. The
difference is due to the distinct types of forage and
concentrates given to ECDG. The ration in a recent study
was superior because the forage provided had high protein
and concentrate with more diverse components.

The anti-nutritional effect of Tithonia, Cassava, and
Gamal leaves up to 50% in the ration has not been seen
in reducing feed intake. This proves that up to a level of
50%, the provision of Tithonia, Cassava, and Gamal in
rations is safe for livestock. Several studies on Tithonia,
Cassava, and Gamal added to the ration mix did notaffect
the productivity and digestibility of ruminants if the dose
was not excessive (Jamarun et al., 2020b).

Nutrient Digestibility

The treatment of wvarious forage sources and
PKCC+TW concentrates gave a significantly different
effect on the digestibility of dry matter, organic matter,
and crude protein. ECDG that received Cassava leaf
forage and PKC concentrate revealed higher digestibility
than the goats that were given field grass, Tithonia, and
Gamal. This means that cassava leaves can play a role in
increasing digestibility.

Whether or not the quality of a ration given to
livestock can be seen from the percentage of DMD. The
higher the DMD, the higher the opportunity for nutrients
utilized by livestock for growth and production. Odedire
dan Oloidi (2014) obtained lower DMD scores than this
study, which was 70.98%. Isah et al., (2015) got the
higher DMD which was 754%. The difference in DMD
is due to the type and nutritional content of the rations
given.

The average DMD value of the treatment ration
increased with the provision of tithonia forage, Cassava
leaves, and PKC concentrate. In this case, this is due to
the better nutritional content of the ration. The percentage
of OMD in this study ranged from 69.43 to 77.25%. The
treatment of various forages and PKC- based concentrates
had a significant effect on OMD. Treatment C got the
highest OMD (77.25%) while the lowest was treatment A
(69.43%). The OMD value increased along with the rise
of the DMD. Jamarun et al. (2018c) reported that the
pattern of OMD is related to DMD. Most of the dry matter
content is digestible organic matter such as carbohydrates,
proteins, and fats.

The range of crude protein digestibility of the
treatment was 71.26-86.01%. Treatment C got the highest
CPD (88.01%) while treatment A got the lowest CPD
(71.26%). The chemical composition of feed ingredients
dramatically affects the level of digestibility. The quality
of the ration is proportional to the digestibility of crude
protein. CPD is also associated with the consumption of
crude protein. High crude protein consumption will result
in high crude proteindigestibility. Putri et al. (2021) stated
that crude protein digestibility is influenced by microbial
protein synthesis. Microbial protein synthesis will
increase along with the rise in ration protein (Pazla et al.,
2018c).

The treatment of giving various forages and PKC+TW
concentrates had a significant effect on the increase in
CPD. This means that the application of Tithonia,
Cassava, and Gamal up to 50% could maintain the CPD.
Crude protein digestibility is highly dependent on the
performance of proteolytic bacteria. Proteolytic bacteria
are bacteria that produce extracellular protease enzymes
that will break down protein in feed. The significant
difference between treatments was due to different
proportions of proteolytic bacteria in each treatment. The
CPD in this study was higher than Supriyati and Haryanto
(2011), who obtained a CPD of
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the combination of elephant grass and palm kernel cake
of 73.027% - 75.99%. The difference is due to the feed
ingredients which are concentrate and forage.

Conclusion

Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate- based
palm kernel cake could increase feed consumptionand
digestibility, as well as increases protein, lactose, fat,and
calcium of milk but did not affect solid nonfat, total solids,
pH, and specific gravity of milk.
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Abstract - Using Tithonia (Tithonia diversifolia), Cassava leaves (Manihot
utilisima), and Gamal (Gliricidia sepium) as an alternative fiber and palm
concentrate as an alternative protein is one of the ways to do this effective
feeding strategy under a limited supply or lack of feed sources for Etawa
Crossbreed Dairy Goats (ECDG).This research aimed to study the productive
traits and milk quality of ECDG fed on several sources of forage with palm
kernel cake concentrate (PKCC). The experimental design was completely
randomized with four treatments of feed formulation. Treatment formulations
were as follows: A. 50% tofu waste (TW) + 50% field grass (control); B. 25%
TW + 25% PKCC + 50% tithonia (Tithonia diversifolia); C. 25% TW+ 25%
PKCC + 50% cassava leaves (Manihot utilisima); D. 25% TW + 25% PKCC

+ 50% Gamal (Gliricidia sepium). The results showed were significant
(P<0.05) on parameters such as DMI, OMI, CPI, DMD, OMD, CPD, protein,
lactose, fat, TS, and Ca of milk. It can be concluded that the replacement of
field grass with forage sources such as Tithonia, Cassava leaves, and Gamal
and the replacement of tofu waste with concentrate-based palm kernel cake
could increase feed intake, digestibility, protein, lactose, fat, and calcium of
milk.

Telp: +6281363888806, Email:
aarief@ansci.unand.ac.id

Keywords: Goat, Forage, Milk, Nutrition, Palm concentrate.

favored by livestock because of its high protein content of
up to 22.98% (Jamarun et al., 2019). Also, Cassava leaves
and Gamal are nutritious foraged ingredients that are
useful for livestock.

Furthermore, livestock needs concentrated feed
ingredients for energy. The prices of concentrate
ingredients, especially corn, are expensive. Therefore, it
is necessary to look for alternative feed ingredients with
abundant availability and quality to reduce dependence on
imported feed ingredients. One of the concentratefeed
ingredients is a by-product of the palm oil processing
industry, namely palm kernel cake (PKC). Viewed from
the production aspect, 60% of the total

Introduction

Forage such as elephant grass is the main feed for
ruminants to provide crude fiber. Other unconventional
forage sources are Tithonia (Tithonia diversifolia),
Cassava leaves (Manihot utilisima), and Gamal
(Gliricidia sepium) were suggested. Tithonia is a shrub
or weed-like plant that grows a lot in empty land,
roadsides, and rice fields. In West Sumatra, tithonia is also
known as the paitan plant because of its bitter leaves(Pazla
et al., 2021a). Tithonia plants have not been widely used
as a source of organic matter, fertilizer, or animal feed
ingredients. However, tithonia is quite

. © 2022 Arief and Roni Pazla. This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0
//// Science license.
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palm oil industry products are by-products. PKC is useful
as an alternative feed ingredient for livestock because it
has good nutritional composition and great potential as a
source of concentrated feed ingredients for livestock
(Arief et al., 2019a).

In addition to dairy goats, livestock that can be
developed as milk-producing is Etawa Crossbred Dairy
Goats (ECDG). The ECDG crosses between Etawa goats
and Indonesian Kacang goats. The advantage of ECDG
is that they have good adaptability to the different
environmental macroclimatic conditions in Indonesia.
ECDG are dual-purpose type goats that have good
reproductive characteristics and better nutritional milk
content than cow's milk (Arief et al., 2019b). ECDG is
raised for milk production, especially in Indonesia (Arief
et al., 2019b). Goat's milk contains minerals such as Ca,
P, and Mg which are higher than cow's and human milk.
The high content of medium-chain fatty acids is beneficial
for the body because it is rapidly oxidized by the liver and
induces a full effect (Vaquil and Rathee, 2017). Besides,
goat's milk has medicinal properties that can cure various
diseases such as asthma and

tuberculosis (Pal U et al., 2011).
Research on the use of various forage sources
combined with the provision of by-products from the

palm oil industry and tofu waste as feed ingredients for
lactating ECDG concentrates has never been carried out.
If this potential is explored properly, non-conventional
forage sources and the palm oil industry will play a

significant role in providing animal feed, especially dairy
goats, which are useful for supporting food self-
sufficiency programs, especially milk in Indonesia
(Pazla, 2018a).

This research aimed to study the productive traits and
milk quality of ECDG fed on several sources of forage

with palm kernel cake concentrate (PKCC).
Materials and Methods
Ethical Approval

This experiment has referred to research ethics using
livestock based on the Republic of Indonesia government
law number 18 of 2009 (Section 66), which addressed
animal keeping, raising, killing, and proper treatment and
care.

Experimental Design and duration
This research was conducted at an ECDG livestock

company in Payakumbuh, West Sumatra, Indonesia (-
0.2330638,100.6268024). There were 16 ECDGs in the

zoohygiene requirements are met in intensive goat
farming (Hasan et al., 2022)

This experiment used a 4 x 4 completely randomized
design determined by four treatments of feed formulation
as follows: A. 50% tofu waste (TW) + 50% Field grass
(control); B. 25% TW + 25% Kernel Cake Concentrate
(PKCC) + 50% tithonia; C. 25% TW+ 25% PKCC +
50% Cassava leaves; D.25% TW + 25% PKCC + 50%
Gamal for a total of 16 experimental units. ECDGs were
placed in individual cages with a size of 1.25 m x1.00 m.
The experimental cage was given disinfectant (anti-
microorganism) to inhibit and kill microorganism and all
ECDG were given deworming before the study started.
All ECDGs were confirmed not to have mastitis. The
experiment was carried out for 50 days consisting of 30
days of the adaptation period, 15 days of the preliminary
period, and 5 days of the collecting period.

Table 1. The nutritional content of each feed ingredient.

Feedstuff
Nutrient
%)  Fields ¢ o g Rice Tofu . oo
grass bran  waste
Dry 2329 2557 3110 2142 87.80 2840 91.83 85.80
Matter
Organic
Vatter 9241 8401 89.85 0485 9080 97.67 9141 99.10
Protein  10.23 2298 27.15 19.11 1072 2011 1236 7.70
Crude 5544 1817 1942 1975 11.60 19.00 2668 2.44
Fiber
Extract 564 0471 352 298 0873 0125 823 350

Ether

second month of lactation used in this research. Theselected ECDG

at 1-1.5 years and 58-60 kg. All
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NFE 53.1 38.15 39.26 53.01 59.75 57.31 44.14
85.46

NDF 67.20 55.03 56.13 46.33 55.13 59.28 66.70
49.96

TDN 58.65 6260 79.21 67.60 66.63 74.61 65.40
81.90

Note: T= Tithonia, CL = Cassava leaf, G=Gamal,
PKC = PalmKernel Cake, NFE = Nitrogen Free
Extract, NDF =Neutral Detergent Fiber, TDN = Total
Digestible Nutrient

Table 2. The composition and nutrients of palm kernel cake

concentrate

(%DM)
Feed Ingredients Level
(%)
Palm kernel cake 40.00
Rice bran 20.00
Corn 9.00
Tofu waste 30.00
Mineral 1.00
Nutrient Percentage
(%) Dry
matter 91.84
Ash 9.88
Crude protein 16.88
Crude fiber 13.22

NFE 55.06
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NDF 62.84
TDN 66.36

Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient
Table 3. Composition of treatments ration (%)

Feed Treatments

Materials A B C D
Field grass 50 0 0 0
Tithonia - 50 0 0
Cassava - - 50 0
Gamal - - 0 50
PKCC - 25 25 25
Tofu waste 50 25 25 25
Total 100 100 100 100
Nutrient

composition

Dry Matter 25,85 42.85 45,61 40.77

Ash 4.96 11.05 8.13 5.63

Protein 15.17 20.74 22.82 18.80
Crude Fiber  14.48 17.14 18.02 17.93
NFE 55.21 47.17 47.72 54.60
NDF 63.24 58.05 58.60 53.70
TDN 66.63 66.54 74.85 69.04

Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient

The experimental ration consisted of forage and
concentrate in a ratio of 50:50. The ration was given at
3.5% of body weight-based dry matter (NRC, 2007).
Drinking water was available ad libitum. The nutritional
contents of each feed ingredient are presented in Table 1.
The composition and nutritional contents of palm kernel
cake-based concentrates are presented in Table 2. The
composition and nutritional contents of the experimental
rations are explained in Table 3. Proximate analysis of
feed ingredients (dry matter, ash, protein, extract ether,
and crude fiber) was carried out following (AOAC, 2005).
NDF was determined following (Goering and Van Soest,
1970). TDN was estimated with the following formula
(Moran, 2005):

TDN = 531 + 0.412 CP% + 0.249 CF% +
1.444 EE% + 0.937 NFE%

Where: CP = crude protein; CF = crude fiber; EE =
extract ether; NFE = nitrogen free extract
Collection of Fecal Samples
The sewage collection from the ECDG was carried out

for 5 days from the 46" day to the 50" day. The dirt was
weighed every day at 8 am (the weight of fresh dirt). Then

the dry matter, ash, and crude protein content. The
samples were oven to 60°C for 8 hours and then weighed
(dry weight). Before analysis in the laboratory, goat hair
attached to the manure was removed.

Milk Sample Collection

Every day, the milk production of each experimental
animal was weighed and recorded. Milk samples were
taken 2 times during the study for quality testing asmuch
as 300 mL per treatment goat. Before sampling,the
nipples were cleaned so that the dirt that sticks out can be
lost and does not contaminate the milk. Then,milk sample
was taken and stored in a cool box to avoid microbial
contamination. Finally, milk samples were taken to the
laboratory for analysis.

Parameters Measured

200 gramyaiabiésvandabereds aveampleyio maalyzeintake
(DMI), organic matter intake (OMI), crude protein intake
(CPI), dry matter digestibility (DMD), organic matter
digestibility (OMD), Crude protein digestibility (CPD),
milk production, and milk quality parameters such as
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milk protein, lactose, milk fat, total solid (TS),
Solid Non-Fat (SNF), pH, BJ, and Ca and P
mineral. Digestibility measurement in vivo using
the total collection method (Jamarun et al., 2021):
weighing the entire ration eaten and Weighing all
excreted feces. Then Analyze the nutritional
content of rations and feces. Protein, lactose, and
fat were measured using the methodof (AOAC,
2005), SNF and TS were measured using
lactoscan MCC50, pH was measured using a pH
meter digital HI9807-phep, Singapura, while
Specific Grafity was measured using a
Lactodensimeter merk Funke Gerber Germany.

Statistical Analysis

Experimental data were analyzed using the
analysisof variance (ANOVA) with a completely
randomizeddesign (Steel and Torrie, 2002) using
SPSS software version 20. Parameters mean
showed statistical differences in probabilities
level of P<0.05 compared using the Duncan
multiple range tests. The statistical model and
experimental design were as foloows:

Yij = u + Mi + sij
Where, Yij denotes the observation variable,
| denotes the overall mean, M denotes the

effect of treatments and eij denotes the
residual effect.

Results
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Milk Production

Optimal milk production and quality are the goal and
hope of dairy goat farmers. The quality of feed greatly
determines the optimal production and quality of milk.
Milk production in this study did not differ between
treatments (P>0.05), but treatments that received various
types of forage (Tithonia, Cassava leaves, and Gamal) and
PKCC showed higher milk production (Fig. 1).
Relationship between crude protein intake and milk production
(Fig.2)

Milk Production (Kg/d)

1,2 1,16
per IR T
1,1
1,01
1
0,9
A B C D

Fig.1: Milk production as affected by treatments

g)

Milk Production (k

0 0.2 0.4 0.6 ).8

Crude Protein Intake (kg/d)

Fig.2 Relationship between crude protein intake and milk
production

Milk Quality

The results on the quality of ECDG goat milk showed
that treatment C had the highest milk protein contents
(Table 4) which was not significantly different

from treatments B and D. Treatment B resulted in higher

levels of lactose (P<0.05). The highest milk fat content
was found in treatment B which was not significantly
different from treatment D. The highest SNF was
obtained due to the high protein and lactose contents in

specific gravity of milk. Treatment B had the highest total
solid, 21.78%, and treatment A exhibited the lowesttotal
solid up to 16.87%. The pH value of milk in this study was
6.76-6.86. The contents of Ca and P in treatment A expose
the lowest value when compared to treatments B, C, and
D, which received ingredients from Tithonia forage,
Cassava leaves, and Gamal, as well as PKCC.

This study's linear regression equation between crude
protein intake and milk production obtained the formula:
y = 0.18884x+0.9907. The equation shows the results of
the correlation value (r) 0.62 and the coefficient of
determination (R?) 0.3844, which indicates that milk
production, as much as 38.44%, is influenced by crude
protein intake and 61.56% is influenced by other factors.

Table 4. Milk quality of the different experimental groups.

Parameters Treatments SEM
A B C D
Protein (%) 4.89 5.9 6.260 6.01° 0.25
Lactose (%) 5.582 6.732 3.55b 3.44b 0.54
Fat (%) 358 6.78° 3.70° 6.05° 0.34
SolidNon-Fat 1335 1501 1392 1379 060
)SO6H b b

TS) (%) 16.872 21.78¢ 17.62¢ 19.84¢ 0.81
pH 6.86 6.78 6.76 6.81 0.04
Specific

Gravity 1.0285 1.0289 1.0288 1.0288 0.0002
(g/cmd)

Ca (%) 0.342 0.47b 0.56°¢ 0.73d 0.18
P (%) 0.23 0.27 0.29 0.26 0.24

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P>0.05)

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC could increase
(P<0.05) the dry matter intake (DMI) (Table 5).
Treatments B, C, and D revealed better DMI. The average
organic matter intake (OMI) during the study ranged from
2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly (P<0.05) lower than the other treatments.
Crude protein intake (CPI) in treatments B, C,and D
indicated a higher value (P < 0.05). Treatment C exhibited
the highest value (0.91 kg/head/day).

Table 5. Feed intake of the different experimental groups.

Parameters Treatments SEM
(Kg/day) A B C D

DMI 237 3.06° 385 3319 0.63
oMl 223 281° 353 3.12¢ 0.64
CPI 0392 0.53*% 091° 0.65° 0.64
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was no significant difference between treatments on the significant differences (P>0.05)
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Nutrient Digestibility

The treatment of various forage sources and PKCC
concentrates gave a significantly different effect (P<0.05)
on the digestibility of dry matter, organic matter, and
crude protein (Table 6). Treatment C revealed the
highest dry matter digestibility (DMD) (76.85%) and
organic matter digestibility (OMD) (77.25%) while the
lowest was treatment A (69.43%). The range of crude
protein digestibility (CPD) of the treatment was 71.26-
86.01%. Also, treatment C showed the highest CPD
(88.01%) while, treatment A appeared to have the lowest
CPD (71.26%).

Table 6. Nutrient digestibility of the different experimental
groups.

crude protein content of the ration contributed from
Tithonia, Cassava leaves, and Gamal, as well as
PKCC+TW. Protein plays a significant role in
maintaining mammary gland cells. The production of
hormones and enzymes for milk biosynthesis is also
strongly influenced by feed protein. Arief et al. (2018a)
reported ECDG milk production of about 1.83 Kg/day
which is different from the current study. The difference
is due to the type of forage and concentrates used.

Milk Quality

The value of milk protein in this study ranged from
4.89-6.26% and this value is higher than the normal range
of 2.75-3% (SNI, 2011). Based on the Thai Agricultural
Standard, this milk protein has been categorized as
premium milk quality (TAS 6006, 2008). Treatments B
and C with Tithonia forage, Cassava leaves, and
PKCC+TW showed the highest milk protein. The increase
in milk protein contents was caused by the

Paragneters Treatments SEM_ combination of forages containing high protein (Tithonia

(%) A B - ¢ D and Cassava leaves) with PKCC+TW. Rations B and C
DryMatter — 67.97° 73.35° 76.85° 68.45° 0.62 can increase the supply of amino acids in the rumen to
8?82%5'? ity the intestine. Consumption of high-quality ration protein
Matter 69.43¢  74.07° 77.25¢ 69.97°  0.60 by ECDG is not all degraded in the rumen. Protein also
Digestibility enters the small intestine to be converted into amino
Crude acids. Amino acids are absorbed in the small intestine,
Protein 72.19° 74.83* 86.01> 71.260 2.10 flow through the circulatory system, and get into the
Digestibility and Cassava leave. This proves that Tithonia leaves, Cassava

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P<0.05)

leaves, Gamal, and concentrate (PKCC+TW)could increase
ECDG milk production. The higher milk production in
. . treatments B, C, and D was in line with the

Discussion

Milk Production

Milk production in this study did not differ between
treatments, but treatments that received various types of
forage and PKCC+TW (B, C, and D) revealed higher milk
production. Milk production is related to the proteinvalue
of the ration. Rations B, C, and D contained highercrude
protein. In the rumen, crude protein will be converted into
NHs. Rumen microbes utilized nitrogen from NH; for
growth (Pazla et al., 2021b). Optimal microbial growth
increased  microbial  activity in  fermenting
polysaccharides and converted them into VFA (Suyitman
et al.,, 2021). VFA is the primary source of energy in
ruminants. Optimal energy will optimize livestock
productivity in milk production.

Although not statistically significant, milk production
increased by replacing field grass with Tithonia, Gamal,
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udder. After that, the process continued with the
synthesis of milk protein. The results of this study
followJamarun et al. (2020a), who stated that dairy
goats given high crude protein could increase milk
protein.

Glucose and galactose are the constituent
elements of lactose while the average lactose content
in this study is about 3.44-6.73%. According to (SNI,
2011) the lactose content of milk is 2-3%. Ratya et
al. (2017) reported that the lactose content of ECDG
milk was 3.70-3.80. This study indicated that the
lactose content of ECDG milk is still in the normal
category, and some have the premium category.
Treatment B (Tithonia + PKCC+TW) resulted in
higher levels of lactose. Tithonia contains amino
acids.The absorbed amino acids in the intestine were
broken down into simple sugars. Gluconeogenesis in
the liver will increase the glucose level in the blood
so that the milk lactose level also rises. Zhang et al.
(2018) stated that glucose is the main precursor in the
formation of lactose in milk. High-soluble
carbohydrates cause the substrate availability needed
in the milk lactose synthesis process (Arief et al.,
2018b). Lactose in treatment B was not different
from treatment A. Treatment A contained more
concentrate (tofu waste). Tofu waste is feed
ingredients classified as carbohydrates that are easily
digested. Carbohydrates are converted to VFA
(propionic acid). Propionic acid enters the process of
gluconeogenesis. The blood immaobilizes glucose in
the
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udder gland to synthesize lactose in milk (Arief et al.,
2020).

The highest milk fat content was found in treatment B
(Tithonia + PKCC + TW) and was not significantly
different from treatment D (Gamal + PKCC +TW).
Treatments A and C were also not critically different in
the fat contents. The high-fat contents in treatment B were
due to the consumption of crude fiber in the ration, which
was higher than the other treatments. In addition, the
increased milk fat contents are also influenced by high
feed fat consumption. The fat in the rumen is converted
into fatty acids (Makmur et al., 2020). Fatty acids are the
precursors in milk fat formation. ECDGs that consume
feed with high-fat content tend to have high milk fat.

The SNF value of the ECDG treatment is about 13.30-
15.01%. The lowest mean value was in the control
treatment (A. The highest mean value was indicated by
treatment B and followed by treatments C and D. These
data indicated that the SNF of treated ECDG milk
exceeded the standard. SNI (2011) stated that the SNF
requirement for milk is 6-8%. The highest SNF was
obtained due to the high protein and lactose content in
treatment B. The rise of SNF level occurs due to the fat
content that is not included in that section so the
remaining protein and lactose levels can affect the high
percentage produced. The high SNF in treatment B was
also influenced by the high BJ value in the treatment
compared to other treatments. Utari et al. (2012)reported
that the SNF of goat milk-fed with a complete diet ranged
from 10.33-11.61%. The difference is due to the high
disparity between the dry matter and milk fat content.

Specific gravity is a derived quantity from the quotient
of mass and volume. The specific gravity ofmilk can be
used to determine the adulteration of milk added by
coconut milk, and other ingredients that shouldnot be
present in whole milk (Fitriansyah et al., 2014). This study
indicated that the average specific gravity of ECDG milk
treatment with the highest average was obtained in
treatment B, while the lowest average specific gravity
was obtained in treatment A. The statistical analysis
results showed that there was no significant between
treatments on the milk-specific gravity. The specific
gravity of milk was in the normal range, according to
(SNI, 2011). Bhattarai (2012) stated that the specific
gravity of goat's milk is higher than cow's milk. Changes
in specific gravity are influenced bythe specific gravity of
each component of milk consisting of protein, lactose,
and fat.

Total solid is a description of the solid content in milk.
Treatment B has the highest total solid, while treatment A
shows the lowest total solid. The provisionof various
types of forage and PKCC+TW on ECDG canproduce a
total solid that is following (SNI, 2011) which
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is @ minimum of 10.8%. The administration of various
forage and PKCC+TW was significantly different
(P<0.05) from the total solid.

The low total solid in treatment A was due to the lower
nutritional quality in the treatment than other treatments.
Treatment A only contained field grass and tofu waste.
The difference between the total solid components
between treatments occurred due to differences in the use
of nutrients in the feed. Similarly, Arief et al., (2021)
stated that the total solid depends on the nutrients
consumed by livestock. Nutrients will be used as
precursors in the formation of solids in milk.

The pH value of milk in this study was 6.76-6.86.
The value follows the standard of (TAS 6006, 2008)
which is 6.5-6.8. The PH value is an indication of
damage to milk. Different pH values can be caused by
the content of freshly milked fresh milk such as COx,
phosphate, citrate, and protein. Some of these
compounds affect the ability of milk buffer. Milk buffer
can inhibit milk's deterioration, which is induced by
changes in the pH and acidity of milk (Zain, 2013). If
there is bacterial activity, the pH value changes to acid
(Swadayana et al., 2012). A pH value above 6.7 usually
indicates the possibility of mastitis (Legowo et al., 2009).
The content of Ca and P in treatment A which only
received feed ingredients from field grass and tofu waste
was the lowest value. The nutritional quality of the given
ration determines the minerals of the milk produced.
Pazla et al., (2021c) reported that the Ca and P content of
Tithonia was richer than field grass, namely 0.99% Ca
and 0.33% P, while field grass only contained 0.07% Ca
and 0.09% P.

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC can increase the dry
matter intake (DMI). Treatments B, C, and D showed
better DMI. Pazla et al., (2018b) stated that high DMI
indicated good palatability of feed ingredients. Good
palatability encourages livestock to consume many
nutrients. The performance of an animal will be more
productive due to nutrition. Palatability is the most
influential factor in the DMI of livestock. The DMI in this
study showed a better percentage when compared to Isah
et al., (2015) with DMI values of 0.89 kg/head/day.
Rosartio et al., (2015) get a DMI that is almost the same
as this study, which is 2.73-3.83 kg/head/day. The
difference is due to the quality of the forage provided.

The highest DMI was found in treatment C with an
average of 3.85 kg/head/day. Giving Cassava leaves up
to 50% is still palatable for ECDG so their consumption
increases. This is due to the goat's habit of "browsing" in
search of food and its preference for leaves. The highest
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crude protein level in treatment C was also the factor
causing the increase in DMI. Similarly, Suyitman et al.,
(2020) state that the DMI of feed is influenced by feed
digestibility, palatability, crude protein contents, and
organic matter contents.

Treatment A showed the lowest DMI. The low intake
in treatment A was caused by the forage given. Field grass
has low nutrient contents and palatability compared to
forages in other treatments.

The intake pattern of organic matter follows the
pattern of DMI. Dry matter is the main component in
addition to water content in animal feed ingredients, while
organic matter is part of dry matter. The increasein DMI
impacted the rise of OMI as reported by (Febrinaet al.,
2017). The average OMI during the study ranged from
2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly lower than in the other treatments. LowOMC
is caused by low DMI.

Crude protein intake in treatments B, C, and D
showed a higher value. Treatment C which got Cassava
leaf forage revealed the highest value (0.91 kg/head/day).
The crude protein content of Cassava leaves is also
higher than other forages. CPI is strongly influenced by
the crude protein content of feed ingredients. In addition,
DMI was also the factor causing the rise of CPI in
treatment C. Likewise, Arief et al. (2021b) stated that the
CPI was influenced by the protein content in the ration.
The high CPI will affect the high utilization of feed
protein for production needs. Giving Cassava leaves can
increase the CPI.

Marwah et al., (2010) found a lower CPI than the
CPI in this study, which was 0.34 kg/head/day. The
difference is due to the distinct types of forage and
concentrates given to ECDG. The ration in a recent study
was superior because the forage provided had high protein
and concentrate with more diverse components.

The anti-nutritional effect of Tithonia, Cassava, and
Gamal leaves up to 50% in the ration has not been seen
in reducing feed intake. This proves that up to a level of
50%, the provision of Tithonia, Cassava, and Gamal in
rations is safe for livestock. Several studies on Tithonia,
Cassava, and Gamal added to the ration mix did notaffect
the productivity and digestibility of ruminants if the dose
was not excessive (Jamarun et al., 2020b).

Nutrient Digestibility

The treatment of various forage sources and
PKCC+TW concentrates gave a significantly different
effect on the digestibility of dry matter, organic matter,
and crude protein. ECDG that received Cassava leaf
forage and PKC concentrate revealed higher digestibility
than the goats that were given field grass, Tithonia, and
Gamal. This means that cassava leaves can play a role in
increasing digestibility.
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Whether or not the quality of a ration given to
livestock can be seen from the percentage of DMD. The
higher the DMD, the higher the opportunity for nutrients
utilized by livestock for growth and production. Odedire
dan Oloidi (2014) obtained lower DMD scores than this
study, which was 70.98%. Isah et al., (2015) got the
higher DMD which was 754%. The difference in DMD
is due to the type and nutritional content of the rations
given.

The average DMD value of the treatment ration
increased with the provision of tithonia forage, Cassava
leaves, and PKC concentrate. In this case, this is due to
the better nutritional content of the ration. The percentage
of OMD in this study ranged from 69.43 to 77.25%. The
treatment of various forages and PKC- based concentrates
had a significant effect on OMD. Treatment C got the
highest OMD (77.25%) while the lowest was treatment A
(69.43%). The OMD value increased along with the rise
of the DMD. Jamarun et al. (2018c) reported that the
pattern of OMD is related to DMD. Most of the dry matter
content is digestible organic matter such as carbohydrates,
proteins, and fats.

The range of crude protein digestibility of the
treatment was 71.26-86.01%. Treatment C got the highest
CPD (88.01%) while treatment A got the lowest CPD
(71.26%). The chemical composition of feed ingredients
dramatically affects the level of digestibility. The quality
of the ration is proportional to the digestibility of crude
protein. CPD is also associated with the consumption of
crude protein. High crude protein consumption will result
in high crude proteindigestibility. Putri et al. (2021) stated
that crude protein digestibility is influenced by microbial
protein synthesis. Microbial protein synthesis will
increase along with the rise in ration protein (Pazla et al.,
2018c).

The treatment of giving various forages and PKC+TW
concentrates had a significant effect on the increase in
CPD. This means that the application of Tithonia,
Cassava, and Gamal up to 50% could maintain the CPD.
Crude protein digestibility is highly dependent on the
performance of proteolytic bacteria. Proteolytic bacteria
are bacteria that produce extracellular protease enzymes
that will break down protein in feed. The significant
difference between treatments was due to different
proportions of proteolytic bacteria in each treatment. The
CPD in this study was higher than Supriyati and Haryanto
(2011), who obtained a CPD of the combination of
elephant grass and palm kernel cake of 73.027% - 75.99%.
The difference is due to the feed ingredients which are
concentrate and forage.

Conclusion

Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate-
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based palm kernel cake could increase feed consumption
and digestibility, as well as increases protein, lactose, fat,
and calcium of milk.

Acknowledgment

The author would like to thank Toni Farm Company
for their kind cooperation and assistance in milksampling
and experimental goat.

Funding Information

The research was supported by Andalas University
for funding this research through Scheme “Klaster Riset
Publikasi  Percepatan  Guru Besar (KPR2GB)”

with Contract No:
T/4/UN.16.17/PP.Pangan-PTU-KRP2GB/LPPM/2021.

Author Contribution

Arief: Designed the research plan, and organized
and supervised the study.

Roni Pazla: Conducted the research, analyzed data,
and contributed to the writing of the manuscript.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Ethics

This article is original and has never been published
before. The author has also confirmed to all authors
involved in this study to read and agree to the contents of
this article and that there are no ethical issues involved.

References

AOAC. (2005). Official Methods of Analysis. 18" ed. In
Association of official analytical, Chemists
International, Maryland, USA (Issue February).

Arief., Rusdimansyah., Sowmen, S., and Pazla R.
(2021b). Milk Production, Consumption, And
Digestibility of Ration Based on the Palm
Kernel Cake, Tithonia (Tithonia Diversifolia)
and Corn Waste on Etawa Crossbreed Dairy
Goat.  IOP Conference Series: Earth and
Environmental Science 709 012024.
https://doi:10.1088/1755-1315/709/1/012024

Arief., Elihasridas., Sowmen, S., Roza, E., Pazla, R. and
Rizgan. (2018a). Production and quality of
Etawa raw milk using palm oil industry waste
and paitan plants as an early Feed. Pakistan

12

Journ al of Nutrition 17(8):
https://DOI: 10.3923/pjn.2018.399.404
Arief., Jamarun, N., Pazla, R. and Satria, B. (2018b).
Production and quality of Etawa raw milk using
palm oil industry waste and paitan plants as an

399-404.

early Feed.. International Journal of Dairy
Science 13:15-21. https://DOI:

10.3923/pjn.2018.399.404

Arief., Jamarun, N., and Satria, B.(2019b). Response of
Etawa dairy goat to provision of probiotics in
ration containing by product palm oil industry.
Advances in Animal and Veterinary Sciences

7(11): 99-1005.
http://dx.doi.org/10.17582/journal.aavs/2019/7.
11.999.1005

Arief., Rusdimansyah., Sowmen, S., and Pazla, R.
(2019a). Ration digestibility based on palm oil
industry ~ byproduct, tithonia  (Tithonia
diversifolia) and corn waste for Etawa
crossbred dairy goat. Pakistan Journal of
Nutrition ~ 18(8):  733-738.  https://DOI:
10.3923/pjn.2019.733.738

Arief., Rusdimansyah., Sowmen, S., Pazla, R., and
Rizgan. (2020). Milk production and quality ff
etawa crossbred dairy goat that given Tithonia
diversifolia, corn waste, and concentrate-based
palm kernel cake. Biodiversitas 21(9): 4004-
4009. https://DOI:  10.13057/biodiv/d210910

Arief., Jamarun, N., Satria, B., and Pazla R., (2021a).
Milk quality of Etawa dairy goat-fed palm kernel
cake, Tithonia (Tithonia diversifolia), and Sweet
potato leaves (lpomea batatas L). IOP
Conference Series: Earth and Environmental
Science. 709012023 . https://doi:10.1088/1755-
1315/709/1/012023

Bhattarai, R. R. (2012). Importance of Goat Milk. Journal
of Food Science and Technology 7: 107-
111.

DOIl:  https://doi.org/10.3126/jfstn.v7i0.11209

Febrina, D., Jamarun, N., Zain, M., and Khasrad. (2017).
Effects of using levels of oil palm fronds (FOPS)
fermented with Phanerochaete chrysosporium
plus minerals (P, S, and Mg)Instead of Napier
Grass on NutrientConsumption and the Growth
Performance of Goats. Pakistan Journal of
Nutrition 16(8):612- 617.
https://DOI:10.3923/pjn.2017.612.617

Fitriansyah, A., Budi, U., and Wahyuni, T. H. (2014).
The effect of ratio cassava leaves (Manihot
Utilisima) with Concentrate on the goat milk
quality of Etawa
Crossbreed. J .Pet. Integ., 3(2):128-141.
https://talenta.usu.ac.id/jpi/article/download/275
0/2096



http://dx.doi.org/10.17582/journal.aavs/2019/7.11.999.1005
http://dx.doi.org/10.17582/journal.aavs/2019/7.11.999.1005
https://doi.org/10.3126/jfstn.v7i0.11209
https://talenta.usu.ac.id/jpi/article/download/2750/2096
https://talenta.usu.ac.id/jpi/article/download/2750/2096

Avriefet al, American Journal of Animal and Veterinary Scinces 2022, Volume Number: Page Numbers

DOl

Goering, H.K., and P.J. Van Soest. (1970). Forage Fiber
Analyses. (Apparatus, Reagents, Procedures,
and Some Applications). In Agriculture
Handbook No. 379. United States Department
of Agriculture, Washington, DC (Issue 379).

Hasan, M., Yani, A., and Rahayu, S. (2022). Model
Evaluasi Penerapan Aspek Pakan dan AirMinum
dalam Good Farming Practice Peternakan
Domba di UP3J Bogor. Jurnal Ilmu Produksi dan
Teknologi Hasil Peternakan 10: 119-125.
https://doi.org/10.29244/jipthp.10.3.119-125.

Isah, O. A, Taiwo, O. O., Ajayi, O. K., Adebowale, A.
A., and Omoniyi, L. A. (2015). Nutrient
utilization and rumen microbial population of
West African Draft Sheep feed Panicum

maximum  supplemented  with  Tithonia
diversifolia,  Merremia  aegyptica, and
Chromolaena odorata. Journal of Animal

Production Research 27:170-175.

Jamarun, N., Pazla, R., Zain, M., and Arief. (2019).
Comparison of In-Vitro Digestibility andRumen
Fluid Characteristics between the Tithonia
(Tithonia diversifolia) with Elephant Grass
(Pennisetum Purpureum) of The In: Proceeding
IOP  Conferences  Series: Earth and
Environmental Sciences. 287 012019.
https : // doi:10.1088/1755-1315/287/1/012019

Jamarun, N., Pazla, R., Zain, M., and Arief. (2020a).
Milk Quality of Etawa Crossbred Dairy Goat fed
Combination of Fermented oil Palm Fronds,
Tithonia (Tithonia diversifolia), and Elephant
Grass (Pennisetum purpureum). Journal of
Physics: Conference Series 1469 012004.
https://d0i:10.1088/1742-6596/1469/1/012004

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

Jamarun, N., Zain, M., Arief., And Pazla, R. (2018). The
population of rumen microbes and the in vitro
digestibility of fermented oil palm fronds in
combination with Tithonia (Tithoniadiversifolia)
and elephant grass (Pennisetum purpureum).
Pakistan Journal of Nutrition 17(1): 39-
45, https://DOI:
10.3923/pjn.2018.39.45

Jamarun,N., Zain, M., and Pazla, R. (2021). Dasar Nutrisi
Ruminansia. Andalas University Press. ISBN:
9786236234570.

Legowo, A. M., Kusrahayu., Mulyani, S. (2009). llmu dan
Teknologi Susu. Universitas Diponegoro Press.
Semarang.

13

Makmur M., Zain M., Agustin F., Sriagtula R., and Putri
E. M. (2020). In Vitro rumen biohydrogenation
of unsaturated fatty acids in tropical grass-
legume rations. Veterinary World 13(4): 661-
668.
https://doi:www.doi.org/10.14202/vetworld.202
0.661-668

Marwah, P. M., Suranindyah, Y., and Murti, T. (2010).
Produksi dan komposisi kambing Peranakan
Etawa yang diberi supplemen daun katu
(Sauropus androgynous (L) Merr) pada awal
laktasi. Buletin  Peternakan  34(2):94-102.
https://core.ac.uk/download/pdf/194808298.pdf

Moran, J.B. (2005). Tropical Dairy Farming: Feeding
Management for Small Holder Dairy Farmers in
the Humid Tropics. Landlinks Press. ISBN 0 643
09123 8.

NRC (National Research Council). 2007. Nutrient
Requirements of Small Ruminants: Sheep,
Goats, Cervids, and New World Camelids.
Washington, DC: The National AcademiesPress

Odedire, J., and Oloidi, F. F. (2014). Feeding wild
sunflower (Tithonia diversifolia Hemsl. A.Gray)
to West African dwarf goat as a dry season
forage supplement. World
Journal of Agricultural Research 2(6):280-284.
http://pubs.sciepub.com/wjar/2/6/6
.DOI:10.12691/wjar-2-6-6

Pal U. K., Mandal, P. K., Rao, V. K., and Das, C. D.
(2011). Quality and utility of goat milk with
special references to India: An overview. Asian
Journal of Animal Science 5-151-161.
https://DOI:10.3923/ajas.2011.56.63

Pazla R., Jamarun N., Zain M., Yanti G., and Chandra R.
(2021b). Quality evaluation of tithonia (Tithonia
diversifolia)  with fermentation using
Lactobacillus plantarum and Aspergillus ficuum

at different incubation times. Biodiversitas
22(9): 3936-3942. http://DOI:

10.13057/biodiv/d220940

Pazla, R. (2018a.) Pemanfaatan pelepah sawit dan titonia
(Tithonia Diversifolia) dalam ransum kambing
Peranakan Etawa untuk menunjang program
swasembada susu 2020. Disertasi. Fakultas
Peternakan. Unand, Padang.
http://scholar.unand.ac.id/40170/

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 ratio.
Advances in Animal and Veterinary Sciences
9(10):1608-1615.



https://doi.org/10.29244/jipthp.10.3.119-125
https://doi/
http://www.doi.org/10.14202/vetworld.202
https://core.ac.uk/download/pdf/194808298.pdf
http://pubs.sciepub.com/wjar/2/6/6
http://doi/
http://scholar.unand.ac.id/40170/

Avriefet al, American Journal of Animal and Veterinary Scinces 2022, Volume Number: Page Numbers

DOl

http://dx.doi.org/10.17582/journal.aavs/2021/9.
10.1608.1615
Pazla, R., Jamarun, N., Zain, M., and Arief. (2018c).
Microbial protein synthesis and in vitro
fermentability of fermented oil palm fronds by
phanerochaete chrysosporium in combination
with Tithonia (Tithonia diversifolia) andelephant
grass (Pennisetum purpureum).Pakistan Journal
of Nutrition 17(10): 462-470. https://DOI:
10.3923/pjn.2018.462.470
Pazla, R., Yanti, G., Jamarun, N., Arief., Elihasridas., and
Sucitra, L.S.(2021a). Degradation of Phytic
Acid From Tithonia (Tithonia Diversifolia)
Leaves Using Lactobacillus Bulgaricus At
Different Fermentation Times. Biodiversitas
22(11): 4794-4798. https://DOI:
10.13057/biodiv/d221111.
Pazla, R., Zain, M., Ryanto, I., and Dona, A. (2018b).
Supplementation of minerals (phosphorus and
sulfur in a sheep diet Based on a cocoa By-
Product. Pakistan Journal of Nutrition17(7):328-
335. https://DOI:
10.39,3/pjn.2018.329.335
M.; Zain, M., Warly, L., and Hermon. (2021).
Effects of rumen-degradable to rumen-
undegradable protein ratio in the ruminant diet
on invitro digestibility, rumen fermentation, and
Microbial protein synthesis. Veterinary World
14(3): 640-648.
https://doi.  10.14202/vetworld.2021.640-648
Ratya, N., Taufik, E., and Arief I. 1. (2017). Chemical,
physical and microbiological characteristics of
Etawa Crossbred Goat milk in Bogor. Jur.
I.Pro.THP., 5
https://jurnal.ipb.ac.id/index.php/ipthp/article/d
ownload/19619/13577
Rosartio, R., Suranindyah, Y., Bintara, S., and Ismaya.
(2015). Milk production and milk composition of
Ettawa Grade goats on highland and lowland

Putri, E.

area of
Yogyakarta. Buletin Peternakan., 39(3):180-
188.
https://DO1:10.21059/buletinpeternak.v39i3.798

6

SNI (standard Nasional Indonesia)..2011. SNI 01-3141-
2011 tentang syarat mutu susu segar. Dewan
Standarisasi Nasional- DSN. Jakarta.

Steel, R. G. D. and Torrie. J. H. (2002). Principle And
Procedures of Statistics: A  Biometrical
Approach . 3" ed. Newyork: McGraw Hill Book.

Supriyati and Haryanto, B. (2011).. Jurnal Iimu Ternak
dan Veteriner 16(1):17-24. Bungkil inti sawit
terproteksi molasses sebagai sumber protein

14

pada kambing Peranakan Etawa jantan muda.
https://core.ac.uk/download/pdf/236130966.pdf
Suyitman., Warly, L., Hellyward, J., and Pazla, R.
(2021). Optimization of rumen bioprocess
through the addition of phosphorus and sulfur
minerals on ammoniated palm leaves and
fronds (Elaeis Guineensis Jacg.). American
Journal of Animal and Veterinary Sciences,
16(4), 225-232.
https://
DOI: https://doi.org/10.3844/ajavsp.2021.225.2
32

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 combination. Advances in Animal
and Veterinary Sciences 8(9):991-996. |
http://dx.doi.org/10.17582/journal.aavs/2020/8.
9.991.996

Swadayana, A., Sambodho, P., and Budiarti, C. (2012).
Total bakteri dan ph susu akibat lama waktu
diping puting kambing Peranakan Ettawa laktasi.
Animal Agricultural Journal 1(1) : 12 —

21. http://ejournal-sl.undip.ac.id/index.php/aaj

Thai Agricultural Standard. TAS 6006-2008. Raw Goat
Milk.  National Bureau of Agricultural
Commodity and Food Standards, Ministry of
Agriculture and Cooperatives. ICS 67.100.01.
Published in the Royal Gazette Vol. 125 Section

139 D. Thailand.
http://extwprlegsl.fao.org/docs/pdf/thal66272.p
df

Utari, F. D., Prasetiyono, B. W. H. E., and Muktiani, A.
(2012). Kualitas susu kambing perah peranakan
ettawa yang diberi suplementasi protein
terproteksi dalam wafer pakan komplit berbasis
limbah agroindustri. Animal  Agriculture
Journal 1(1): 426 — 447.
https://ejournal3.undip.ac.id/index.php/aaj/articl
e/download/649/649

Vaquil and Rathee, R. (2017). A review on health
promoting aspects of goat Milk. The Pharma
Innovation Journal 6(12):5-8.

Zain, W. N. H. (2013.) Kualitas susu kambing segar di
peternakan umban sari dan alam
raya pecan baru. Jurnal peternakan 10(1):24-30.
DOI: http://dx.doi.org/10.24014/jupet.v10i1.15
5

Zhang Y., Zhang, S., Guan W., Chen, F., Cheng, L.;,Lv,
Y. and Chan, J. (2018). Glute and lactose
synthetase are critical genes for lactose synthesis
in lactating cows. Nutrition and Metabolism

15(40):2-13.
https://doi.org/10.1186/512986-018-0276-9



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://dx.doi.org/10.14202%2Fvetworld.2021.640-648
https://jurnal.ipb.ac.id/index.php/ipthp/article/download/19619/13577
https://jurnal.ipb.ac.id/index.php/ipthp/article/download/19619/13577
http://dx.doi.org/10.21059/buletinpeternak.v39i3.7986
http://dx.doi.org/10.21059/buletinpeternak.v39i3.7986
https://core.ac.uk/download/pdf/236130966.pdf
https://doi.org/10.3844/ajavsp.2021.225.232
https://doi.org/10.3844/ajavsp.2021.225.232
https://doi.org/10.3844/ajavsp.2021.225.232
http://dx.doi.org/10.17582/journal.aavs/2020/8.9.991.996
http://dx.doi.org/10.17582/journal.aavs/2020/8.9.991.996
http://ejournal-s1.undip.ac.id/index.php/aaj
http://extwprlegs1.fao.org/docs/pdf/tha166272.pdf
http://extwprlegs1.fao.org/docs/pdf/tha166272.pdf
https://ejournal3.undip.ac.id/index.php/aaj/article/download/649/649
https://ejournal3.undip.ac.id/index.php/aaj/article/download/649/649
http://dx.doi.org/10.24014/jupet.v10i1.155
http://dx.doi.org/10.24014/jupet.v10i1.155
https://doi.org/10.1186/s12986-018-0276-9

Avriefet al, American Journal of Animal and Veterinary Scinces 2022, Volume Number: Page Numbers
DOI:

15



Email Minta Revisi Ke-3 dari Jurnal (19 Desember 2022)

B Mail - Arief - Outlook X  + v - a b7

AQKAGNKMDYzMTk2LTI4MzgtNDhjMi04MTM3LWQzMDcOM]U2MjIhYgAQAK7FLxhhQDIC

< C @ outlook.office.com/mail/inbox;

B Universitas Andalas £ search o Temsal B @ B 0 B P e (a

Re: Re: Revised File Required for Manuscript # 835-AJAVS [#535685]

Jeffery Daniels

upport@scipub.org>

To: Arief <aarief@ansci.unand.acid>

Dear Arief,
Thank you for your mail.

b | am writing to let you know that we recently discovered that your article was mistakenly accepted without the necessary revisions being made based on the reviewer's
comments.

We apologize for this error and any inconvenience it may have caused you. We request that you please make the necessary revisions as outlined in the reviewer's comments
mentioned below and submit the revised version of the article as soon as possible.

2 3rd Round of Evaluation:

& 1 am sending you my opinion on manuscript number #835-AJAVS. | agree to the manuscript being published if the author makes the necessary changes | have indicated in the
attached file. The notes | have made are not advisory, they are mandatory!

Thank you for your understanding and cooperation in this matter. If you have any questions or concerns, please do not hesitate to contact me.

Regards,

Jeffery Daniels

Editorial Office

Science Publications - Your Local Publisher
Website




Naskah Revisi Ke-3

American Journal of Animal and Veterinary Science

Original Research Paper

Milk Production and Quality of Etawa Crossbred Goats with Non-Conventional Forages and

Palm Concentrates

ARIEF™*, RONI PAZLAZ,

!Department of Animal Production, Faculty of Animal Sciences, Andalas University, Padang 25163, West

Sumatra, Indonesia.

2Department of Animal Nutrition, Faculty of Animal Sciences, Andalas University, Padang 25163, West

Sumatra, Indonesia

Article history
Received:10 October 2022
Revised:

Accepted:

*Corresponding Author :

Arief,

Department of Animal
Production, Faculty of Animal
Sciences, Andalas University,
Padang 25163, West Sumatra,
Indonesia

Tel: +6281363888806, Email:
aarief@ansci.unand.ac.id

Abstract - Using Tithonia (Tithonia diversifolia), Cassava leaves (Manihot
utilisima), and Gamal (Gliricidia sepium) as an alternative fiber and palm
concentrate as an alternative protein is one of the ways to do this effective
feeding strategy under a limited supply or lack of feed sources for Etawa
Crossbreed Dairy Goats (ECDG).This research aimed to study the productive
traits and milk quality of ECDG fed on several sources of forage with palm
kernel cake concentrate (PKCC). The experimental design was completely
randomized with four treatments of feed formulation. Treatment formulations
were as follows: A. 50% tofu waste (TW) + 50% field grass (control); B. 25%
TW + 25% PKCC + 50% tithonia (Tithonia diversifolia); C. 25% TW+ 25%
PKCC + 50% cassava leaves (Manihot utilisima); D. 25% TW + 25% PKCC
+ 50% Gamal (Gliricidia sepium). The results showed were significant
(P<0.05) on parameters such as DMI, OMI, CPI, DMD, OMD, CPD, protein,
lactose, fat, TS, and Ca of milk. It can be concluded that the replacement of
field grass with forage sources such as Tithonia, Cassava leaves, and Gamal
and the replacement of tofu waste with concentrate-based palm kernel cake
could increase feed intake, digestibility, protein, lactose, and fat of milk.

Keywords: Goat, Forage, Milk, Nutrition, Palm concentrate.

Introduction

Forage such as elephant grass is the main feed for
ruminants to provide crude fiber. Other unconventional
forage sources are Tithonia (Tithonia diversifolia),
Cassava leaves (Manihot utilisima), and Gamal
(Gliricidia sepium) were suggested. Tithonia is a shrub
or weed-like plant that grows a lot in an empty land,
roadsides, and rice fields. In West Sumatra, tithonia is also
known as the paitan plant because of its bitter leaves(Pazla
et al., 2021a). Tithonia plants have not been widely used
as a source of organic matter, fertilizer, or animal feed
ingredients. However, tithonia is quite favored by
livestock because of its high protein content

//// Science

// [Publications

of up to 22.98% (Jamarun et al., 2019). Also, Cassava
leaves and Gamal are nutritious foraged ingredients that
are useful for livestock.

Furthermore, livestock needs concentrated feed
ingredients for energy. The prices of concentrate
ingredients, especially corn, are expensive. Therefore, it
is necessary to look for alternative feed ingredients with
abundant availability and quality to reduce dependence on
imported feed ingredients. One of the concentratefeed
ingredients is a by-product of the palm oil processing
industry, namely palm kernel cake (PKC). Viewed from
the production aspect, 60% of the total palm oil industry
products are by-products. PKC is useful as an alternative
feed ingredient for livestock

© 2022 Arief and Roni Pazla. This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0

license.
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because it has good nutritional composition and great
potential as a source of concentrated feed ingredients for
livestock (Arief et al., 2019a).

In addition to dairy goats, livestock that can be
developed as milk-producing is Etawa Crossbred Dairy
Goats (ECDG). The ECDG crosses between Etawa goats
and Indonesian Kacang goats. The advantage of ECDG
is that they have good adaptability to the different
environmental macroclimatic conditions in Indonesia.
ECDG are dual-purpose type goats that have good
reproductive characteristics and better nutritional milk
content than cow's milk (Arief et al., 2019b). ECDG is
raised for milk production, especially in Indonesia (Arief
et al., 2019b). Goat's milk contains minerals such as Ca,
P, and Mg which are higher than cow's and human milk.
The high content of medium-chain fatty acids is beneficial
for the body because it is rapidly oxidized by the liver and
induces a full effect (Vaquil and Rathee, 2017). Besides,
goat's milk has medicinal properties that can cure various
diseases such as asthma and

tuberculosis (Pal U et al., 2011).
Research on the use of various forage sources
combined with the provision of by-products from the

palm oil industry and tofu waste as feed ingredients for
lactating ECDG concentrates has never been carried out.
If this potential is explored properly, non-conventional
forage sources and the palm oil industry will play a

significant role in providing animal feed, especially dairy
goats, which are useful for supporting food self-
sufficiency programs, especially milk in Indonesia
(Pazla, 2018a).

This research aimed to study the productive traits and
milk quality of ECDG fed on several sources of forage

with palm kernel cake concentrate (PKCC).
Materials and Methods

Ethical Approval

This experiment has referred to research ethics using
livestock based on the Republic of Indonesia government
law number 18 of 2009 (Section 66), which addressed
animal keeping, raising, killing, and propertreatment and
care.

Experimental Design and duration

This research was conducted at an ECDG livestock
company in Payakumbuh, West Sumatra, Indonesia (-
0.2330638,100.6268024). There were 16 ECDGs in the
second month of lactation used in this research. The
selected ECDG at 1-1.5 years and 58-60 kg. All

This experiment used a 4 x 4 completely randomized
design determined by four treatments of feed formulation
as follows: A. 50% tofu waste (TW) + 50% Field grass
(control); B. 25% TW + 25% Kernel Cake Concentrate
(PKCC) + 50% tithonia; C. 25% TW+ 25% PKCC +
50% Cassava leaves; D.25% TW + 25% PKCC + 50%
Gamal for a total of 16 experimental units. ECDGs were
placed in individual cages with a size of 1.25 m x1.00 m.
The experimental cage was given disinfectant (anti-
microorganism) to inhibit and kill microorganisms and all
ECDG were given deworming before the study started.
All ECDGs were confirmed not to have mastitis. The
experiment was carried out for 50 days consisting of
30 days of the adaptation period, 15 days of the
preliminary period, and 5 days of the collecting period.

Table 1. The nutritional content of each feed ingredient.

Feedstuff
Nutrient
(%)  Fields ¢ g Rice Tofu 0 oo
grass bran  waste

Dry 2329 2557 3110 2142 87.80 2840 91.83 85.80

Matter

Organic
Matter

Protein 1023 2298 27.15 1911 1072 20.11
Crude 5544 1817 1912 1975 1160 19.00
Fiber

Extract 564 0471 352

Ether 298 0873 0125 823

zoohygiene requirements are met in intensive goat farming (Hasan
etal., 2022)

9241 8401 89.85 9485 90.80 97.67 91.41 99.10

1236 7.70

26.68 2.44
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NFE 53.1 38.15 39.26 53.01 59.75 57.31 44.14

85.46

NDF 67.20 55.03 56.13 46.33 55.13 59.28 66.70

49.96

TDN 58.65 6260 79.21 67.60 66.63 74.61 65.40

81.90

Note: T= Tithonia, CL = Cassava leaf, G=Gamal,
PKC = PalmKernel Cake, NFE = Nitrogen Free
Extract, NDF =Neutral Detergent Fiber, TDN = Total
Digestible Nutrient

Table 2. The composition and nutrients of palm kernel cake
concentrate

(%DM) Feed

Ingredients Level (%)

Palm kernel cake 40.00
Rice bran 20.00
Corn 9.00
Tofu waste 30.00
Ultra Mineral 1.00
Nutrient Percentage (%)
Dry matter 91.84
Ash 9.88
Crude protein 16.88
Crude fiber 13.22
NFE 55.06
NDF 62.84
TDN 66.36
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Note: NFE = Nitrogen Free Extract, NDF =Neutral Detergent
Fiber, TDN = Total Digestible Nutrient

Table 3. Composition of treatments ration (%)

Feed Materials Treatments

B D
Field grass 50 0 0 0
Tithonia - 50 0 0
Cassava - - 50 0
Gamal - - 0 50
PKCC - 25 25 25
Tofu waste 50 25 25 25
Total 100 100 100 100

The experimental ration consisted of forage and
concentrate in a ratio of 50:50. The ration was given at
3.5% of body weight-based dry matter (NRC, 2007).
Drinking water was available ad libitum. The nutritional
contents of each feed ingredient are presented in Table 1.
The composition and nutritional contents of palm kernel
cake-based concentrates are presented in Table 2. The
composition and nutritional contents of the experimental
rations are explained in Table 3. Proximate analysis of
feed ingredients (dry matter, ash, protein, extract ether,
and crude fiber) was carried out following (AOAC, 2005).
NDF was determined following (Goering and Van Soest,
1970). TDN was estimated with the following formula
(Moran, 2005):

TDN = 531 + 0.412 CP% + 0.249 CF% +
1.444 EE% + 0.937 NFE%

Where: CP = crude protein; CF = crude fiber; EE =
extract ether; NFE = nitrogen free extract

Collection of Fecal Samples

The sewage collection (n=16) from the ECDG was
carried out for 5 days from the 46" day to the 50" day.
The dirt was weighed every day at 8 am (the weight of
fresh dirt). Then 200 grams of dirt was taken as a sample
to analyze the dry matter, ash, and crude protein content.
The samples were oven to 60°C for 8 hours and then
weighed (dry weight). Before analysis in the laboratory,
goat hair attached to the manure was removed.

Milk Sample Collection

Every day, the milk production of each experimental
animal was weighed and recorded. Milk samples (n=16)
were taken 2 times during the study for quality testing as
much as 300 mL per treatment goat. Before sampling,
the nipples were cleaned so that the dirt that sticks out can
be lost and does not contaminate the milk. Then,milk
sample was taken and stored in a cool box to avoid
microbial contamination.

Parameters Measured

The variables measured were dry matter intake (DMI),
organic matter intake (OMI), crude protein intake(CPI),
dry matter digestibility (DMD), organic matter
digestibility (OMD), Crude protein digestibility (CPD),
milk production, and milk quality parameters such as milk
protein, lactose, milk fat, total solid (TS), Solid Non-Fat
(SNF), pH, BJ, and Ca and P mineral. Digestibility
measurement in vivo using the total collection method
(Jamarun et al., 2021): weighing the entire ration eaten
and Weighing all excreted feces.

Protein, lactose, and fat were measured using the
method of (AOAC, 2005), SNF and TS were measured
using lactoscan MCC50, pH was measured using a pH
meter digital HI9807-phep, Singapura, while Specific
Grafity was measured using a Lactodensimeter merk
Funke Gerber Germany.

Statistical Analysis

Experimental data were analyzed using the analysis
of variance (ANOVA) with a completely randomized
design (Steel and Torrie, 2002) using SPSS software
version 20. Parameters mean showed statistical
differences in probabilities level of P<0.05 compared
using the Duncan multiple range tests. The statistical
model and experimental design were as follows:

Yij = u + Mi + sij

Where, Yij denotes the observation variable,
denotes the overall mean, M denotes the effect of
treatments and ij denotes the residual effect.

Results

Milk Production

The quality of feed greatly determines the optimal
production and quality of milk. Milk production in this
study did not differ between treatments, but treatments
that received various types of forage (Tithonia, Cassava
leaves, and Gamal) and PKCC showed higher milk
production (Fig. 1) and no relationship between. crude
protein intake and milk production (Fig.2)
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Fig.1: Milk production as affected by treatments, kg/d
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Fig.2 Relationship between crude protein intake and milk

production
Milk Quality

The results on the quality of ECDG goat milk
showed that treatment C had the highest milk protein

contents (Table 4) which was not significantly different
from treatments B and D. Treatment B resulted in higher
levels of lactose (P<0.05). The highest milk fat content
was found in treatment B which was not significantly
different from treatment D. The highest SNF was obtained
due to the high protein and lactose contents in treatment
B. The statistical analysis showed that there was no
significant difference between treatments on the specific
gravity of milk. Treatment B had the highest total solid,
21.78%, and treatment A exhibited the lowesttotal solid
up to 16.87%. The pH value of milk in this study was
6.76-6.86. The contents of Ca and P in treatment A expose
the lowest value when compared to treatments B, C, and
D, which received ingredients from

Tithonia forage, Cassava leaves, and Gamal, as well as
PKCC.

Table 4. Milk quality of the different experimental groups.

Parameters Treatments SEM A
B C D

Protein (%) 4.892 5.99° 6.26° 6.01° 0.25
Lactose (%) 5.582 6.732 3.55P 3.44p 0.54
Fat (%) 3.582 6.78° 3.70° 6.05° 0.34
Solid Non-Fat
(SNF) (%) 13.30 15.01 13.92 13.79 0.60
Total Solid 16.87: 2178  17.62%  10.84% 081
ors) (%) 6.86 6.78 6.76 6.81 0.04
Specific
Gravity 1.0285 1.0289 1.0288 1.0288  0.0002
(g/cm?3)
Ca (%) 0.342 0.47° 0.56°¢ 0.73d 0.18
P (%) 0.23 0.27 0.29 0.26 0.24

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P<0.05)

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC could increase
(P<0.05) the dry matter intake (DMI) (Table 5).
Treatments B, C, and D revealed better DMI. The average
organic matter intake (OMI) during the study ranged from
2.23-3.53 Kgle/h. The OMI in treatment A was
significantly (P<0.05) lower than the other treatments.
Crude protein intake (CPI) in treatments B, C,and D
indicated a higher value (P < 0.05). Treatment C exhibited
the highest value (0.91 kg/head/day).

Table 5. Feed intake of the different experimental groups.

Parameters Treatments SEM
(Kg/day) A B C D

DMI 2378 3.06° 3.85¢ 3319 0.63
oMl 2232 2810 353 3129 0.64
CPI 0.39° 0.53® 0.91° 0.65° 0.64

Note: Different superscripts (a.b,c,d) in the same line showed
significant differences (P<0.05)

Nutrient Digestibility

The treatment of various forage sources and PKCC
concentrates gave a significantly different effect (P<0.05)
on the digestibility of dry matter, organic matter, and
crude protein (Table 6). Treatment C revealed the
highest dry matter digestibility (DMD) (76.85%) and
organic matter digestibility (OMD) (77.25%) while the
lowest was treatment A (69.43%). The range of crude
protein digestibility (CPD) of the treatment was 71.26-
86.01%. Also, treatment C showed the highest CPD
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(88.01%) while, treatment A appeared to have the lowest
CPD (71.26%).

Table 6. Nutrient digestibility of the different experimental
groups.

Parameters Treatments SEM
(%) A B C D

Dry Matter 67.97¢ 73.35> 76.85° 68.45*  0.62
Digestibility

Organic

Matter 69.432  74.07° 77.25° 69.972  0.60
Digestibility

Crude

Protein 72,192 74.832 86.01° 71.26° 2.10
Digestibility

Note: Different superscripts (a,b,c,d) in the same line showed
significant differences (P<0.05)

Discussion
Milk Production

Milk production in this study did not differ between
treatments, but treatments that received various types of
forage and PKCC+TW (B, C, and D) revealed higher milk
production. Milk production is related to the proteinvalue
of the ration. Rations B, C, and D contained highercrude
protein. In the rumen, crude protein will be converted into
NHs. Rumen microbes utilized nitrogen from NH; for
growth (Pazla et al., 2021b). Optimal microbial growth
increased microbial activity in fermenting
polysaccharides and converted them into VFA (Suyitman
et al., 2021). VFA is the primary source of energy in
ruminants. Optimal energy will optimize livestock
productivity in milk production.

Although not statistically significant, milk production
increased by replacing field grass with Tithonia, Gamal,
and Cassava leave. This proves that Tithonia leaves,
Cassava leaves, Gamal, and concentrate (PKCC+TW)
could increase ECDG milk production. The higher milk
production in treatments B, C, and D was in line with the
crude protein content of the ration contributed from
Tithonia, Cassava leaves, and Gamal, as well as
PKCC+TW. Protein plays a significant role in
maintaining mammary gland cells. The production of
hormones and enzymes for milk biosynthesis is also
strongly influenced by feed protein. Arief et al. (2018a)
reported ECDG milk production of about 1.83 Kg/day
which is different from the current study. The difference

The value of milk protein in this study ranged from
4.89-6.26% and this value are higher than the normal
range of 2.75-3% (SNI, 2011). Based on the Thai
Agricultural Standard, this milk protein has been
categorized as premium milk quality (TAS 6006, 2008).
Treatments B and C with Tithonia forage, Cassava leaves,

and PKCC+TW showed the highest milk protein.
The increase in milk protein contents was caused by the

combination of forages containing high protein (Tithonia

and Cassava leaves) with PKCC+TW Rati%ns B and C
can increase the supply of amino acids in the rumen to

the intestine. Consumption of high-quality ration protein
by ECDG is not all degraded in the rumen. Protein also

enters the small intestine to be converted into amino
acids. Amino acids are absorbed in the small intestine,

flow through the circulatory system, and get into the

is due to the type of forage and concentrates used.

Milk Quality
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udder. After that, the process continued with the
synthesis of milk protein. The results of this study
followJamarun et al. (2020a), who stated that dairy
goats given high crude protein could increase milk
protein.

Glucose and galactose are the constituent
elements of lactose while the average lactose content
in this study is about 3.44-6.73%. According to (SNI,
2011) the lactose content of milk is 2-3%. Ratya et
al. (2017) reported that the lactose content of ECDG
milk was 3.70-3.80. This study indicated that the
lactose content of ECDG milk is still in the normal
category, and some have the premium category.
Treatment B (Tithonia + PKCC+TW) resulted in
higher levels of lactose. Tithonia contains amino
acids.The absorbed amino acids in the intestine were
broken down into simple sugars. Gluconeogenesis in
the liver will increase the glucose level in the blood
so that the milk lactose level also rises. Zhang et al.
(2018) stated that glucose is the main precursor in the
formation of lactose in milk. High-soluble
carbohydrates cause the substrate availability needed
in the milk lactose synthesis process (Arief et al.,
2018b). Lactose in treatment B was not different
from treatment A. Treatment A contained more
concentrate (tofu waste). Tofu waste is feed
ingredients classified as carbohydrates that are easily
digested. Carbohydrates are converted to VFA
(propionic acid). Propionic acid enters the process of
gluconeogenesis. The blood immobilizes glucose in
the udder gland to synthesize lactose in milk (Arief
etal., 2020).

The highest milk fat content was found in
treatment B (Tithonia + PKCC + TW) and was not
significantly different from treatment D (Gamal +
PKCC +TW). Treatments A and C were also not
critically different in the fat contents. The high-fat
contents in treatment B were due to the consumption
of crude fiber in the ration, which was higher than
the other treatments. In addition, the increased milk
fat contents are also influenced by high feed fat
consumption. The fat in the rumen is converted into
fatty acids (Makmur et al., 2020). Fatty
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acids are the precursors in milk fat formation. ECDGs that
consume feed with high-fat content tend to have high
milk fat.

The SNF value of the ECDG treatment is about 13.30-
15.01%. The lowest mean value was in the control
treatment (A. The highest mean value was indicated by
treatment B and followed by treatments C and D. These
data indicated that the SNF of treated ECDG milk
exceeded the standard. SNI (2011) stated that the SNF
requirement for milk is 6-8%. The highest SNF was
obtained due to the high protein and lactose content in
treatment B. The rise of SNF level occurs due to the fat
content that is not included in that section so the
remaining protein and lactose levels can affect the high
percentage produced. The high SNF in treatment B was
also influenced by the high BJ value in the treatment
compared to other treatments. Utari et al. (2012)reported
that the SNF of goat milk-fed with a complete diet ranged
from 10.33-11.61%. The difference is due to the high
disparity between the dry matter and milk fat content.

Specific gravity is a derived quantity from the quotient
of mass and volume. The specific gravity ofmilk can be
used to determine the adulteration of milk added by
coconut milk, and other ingredients that shouldnot be
present in whole milk (Fitriansyah et al., 2014). This study
indicated that the average specific gravity of ECDG milk
treatment with the highest average was obtained in
treatment B, while the lowest average specific gravity
was obtained in treatment A. The statistical analysis
results showed that there was no significant between
treatments on the milk-specific gravity. The specific
gravity of milk was in the normal range, according to
(SNI, 2011). Bhattarai (2012) stated that the specific
gravity of goat's milk is higher than cow's milk. Changes
in specific gravity are influenced bythe specific gravity of
each component of milk consisting of protein, lactose,
and fat.

Total solid is a description of the solid content in milk.
Treatment B has the highest total solid, while treatment A
shows the lowest total solid. The provisionof various
types of forage and PKCC+TW on ECDG canproduce a
total solid that is following (SNI, 2011) which is a
minimum of 10.8%. The administration of various forage
and PKCC+TW was significantly different (P<0.05) from
the total solid.

The low total solid in treatment A was due to the lower
nutritional quality in the treatment than other treatments.
Treatment A only contained field grass and tofu waste.
The difference between the total solid components
between treatments occurred due to differences in the use
of nutrients in the feed. Similarly, Arief et al., (2021)
stated that the total solid depends on the nutrients
consumed by livestock. Nutrients will be used as
precursors in the formation of solids in milk.

The pH value of milk in this study was 6.76-6.86.
The value follows the standard of (TAS 6006, 2008)
which is 6.5-6.8. The PH value is an indication of
damage to milk. Different pH values can be caused by
the content of freshly milked fresh milk such as COx,
phosphate, citrate, and protein. Some of these
compounds affect the ability of milk buffer. Milk buffer
can inhibit milk's deterioration, which is induced by
changes in the pH and acidity of milk (Zain, 2013). If
there is bacterial activity, the pH value changes to acid
(Swadayana et al., 2012). A pH value above 6.7 usually
indicates the possibility of mastitis (Legowo et al., 2009).
The content of Ca and P in treatment A which only
received feed ingredients from field grass and tofu waste
was the lowest value. The nutritional quality of the given
ration determines the minerals of the milk produced.
Pazla et al., (2021c) reported that the Ca and P content of
Tithonia was richer than field grass, namely 0.99% Ca
and 0.33% P, while field grass only contained 0.07% Ca
and 0.09% P.

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC can increase the dry
matter intake (DMI). Treatments B, C, and D showed
better DMI. Pazla et al., (2018b) stated that high DMI
indicated good palatability of feed ingredients. Good
palatability encourages livestock to consume many
nutrients. The performance of an animal will be more
productive due to nutrition. Palatability is the most
influential factor in the DMI of livestock. The DMI in this
study showed a better percentage when compared to Isah
et al., (2015) with DMI values of 0.89 kg/head/day.
Rosartio et al., (2015) get a DMI that is almost the same
as this study, which is 2.73-3.83 kg/head/day. The
difference is due to the quality of the forage provided.

The highest DMI was found in treatment C with an
average of 3.85 kg/head/day. Giving Cassava leaves up
to 50% is still palatable for ECDG so their consumption
increases. This is due to the goat's habit of "browsing" in
search of food and its preference for leaves. The highest
crude protein level in treatment C was also the factor
causing the increase in DMI. Similarly, Suyitman et al.,
(2020) state that the DMI of feed is influenced by feed
digestibility, palatability, crude protein contents, and
organic matter contents.

Treatment A showed the lowest DMI. The low intake
in treatment A was caused by the forage given. Field grass
has low nutrient contents and palatability compared to
forages in other treatments.

The intake pattern of organic matter follows the
pattern of DMI. Dry matter is the main component in
addition to water content in animal feed ingredients,



Avriefet al, American Journal of Animal and Veterinary Scinces 2022, Volume Number: Page Numbers

DOl

while the organic matter is part of dry matter. The increase
in DMI impacted the rise of OMI as reported by(Febrina
et al., 2017). The average OMI during the studyranged
from 2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly lower than in the other treatments. LowOMC
is caused by low DMI.

Crude protein intake in treatments B, C, and D
showed a higher value. Treatment C which got Cassava
leaf forage revealed the highest value (0.91 kg/head/day).
The crude protein content of Cassava leaves is also
higher than other forages. CPI is strongly influenced by
the crude protein content of feed ingredients. In addition,
DMI was also the factor causing the rise of CPI in
treatment C. Likewise, Arief et al. (2021b) stated that the
CPI was influenced by the protein content in the ration.
The high CPI will affect the high utilization of feed
protein for production needs. Giving Cassava leaves can
increase the CPI.

Marwah et al., (2010) found a lower CPI than the
CPI in this study, which was 0.34 kg/head/day. The
difference is due to the distinct types of forage and
concentrates given to ECDG. The ration in a recent study
was superior because the forage provided had high protein
and concentrate with more diverse components.

The anti-nutritional effect of Tithonia, Cassava, and
Gamal leaves up to 50% in the ration has not been seen
in reducing feed intake. This proves that up to a level of
50%, the provision of Tithonia, Cassava, and Gamal in
rations is safe for livestock. Several studies on Tithonia,
Cassava, and Gamal added to the ration mix did notaffect
the productivity and digestibility of ruminants if the dose
was not excessive (Jamarun et al., 2020b).

Nutrient Digestibility

The treatment of various forage sources and
PKCC+TW concentrates gave a significantly different
effect on the digestibility of dry matter, organic matter,
and crude protein. ECDG that received Cassava leaf
forage and PKC concentrate revealed higher digestibility
than the goats that were given field grass, Tithonia, and
Gamal. This means that cassava leaves can play a role in
increasing digestibility.

Whether or not the quality of a ration given to
livestock can be seen from the percentage of DMD. The
higher the DMD, the higher the opportunity for nutrients
utilized by livestock for growth and production. Odedire
dan Oloidi (2014) obtained lower DMD scores than this
study, which was 70.98%. Isah et al., (2015) got the
higher DMD which was 754%. The difference in DMD
is due to the type and nutritional content of the rations
given.

The average DMD value of the treatment ration
increased with the provision of tithonia forage, Cassava
leaves, and PKC concentrate. In this case, this is due to

the better nutritional content of the ration. The percentage
of OMD in this study ranged from 69.43 to 77.25%. The
treatment of various forages and PKC- based concentrates
had a significant effect on OMD. Treatment C got the
highest OMD (77.25%) while the lowest was treatment A
(69.43%). The OMD value increased along with the rise
of the DMD. Jamarun et al. (2018c) reported that the
pattern of OMD is related to DMD. Most of the dry matter
content is digestible organic matter such as carbohydrates,
proteins, and fats.

The range of crude protein digestibility of the
treatment was 71.26-86.01%. Treatment C got the highest
CPD (88.01%) while treatment A got the lowest CPD
(71.26%). The chemical composition of feed ingredients
dramatically affects the level of digestibility. The quality
of the ration is proportional to the digestibility of crude
protein. CPD is also associated with the consumption of
crude protein. High crude protein consumption will result
in high crude proteindigestibility. Putri et al. (2021) stated
that crude protein digestibility is influenced by microbial
protein synthesis. Microbial protein synthesis will
increase along with the rise in ration protein (Pazla et al.,
2018c).

The treatment of giving various forages and PKC+TW
concentrates had a significant effect on the increase in
CPD. This means that the application of Tithonia,
Cassava, and Gamal up to 50% could maintain the CPD.
Crude protein digestibility is highly dependent on the
performance of proteolytic bacteria. Proteolytic bacteria
are bacteria that produce extracellular protease enzymes
that will break down protein in feed. The significant
difference between treatments was due to different
proportions of proteolytic bacteria in each treatment. The
CPD in this study was higher than Supriyati and Haryanto
(2011), who obtained a CPD of the combination of
elephant grass and palm kernel cake of 73.027% - 75.99%.
The difference is due to the feed ingredients which are
concentrate and forage.

Conclusion

Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate- based
palm kernel cake could increase feed consumption and
digestibility, as well as increases protein, lactose, and fat
of milk.
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Abstract: Using Tithonia (Tithonia diversifolia), Cassava leaves (Manihot
utilisima), and Gamal (Gliricidia sepium) as alternative fibers, and palm
concentrate as an alternative protein, is one way to implement an effective
feeding strategy under a limited supply or lack of feed sources for Etawa

; . Crossbreed Dairy Goats (ECDG). This research aimed to study the
g?iZ?Spondmg Author: productive traits and milk quality of ECDG fed on several sources of forage
Department of Animal with Palm Kernel Cake Concentrate (PKCC). The experimental design was
Production, Andalas completely randomized with four treatments of feed formulation. Treatment
University, Indonesia formulations were as follows: A. 50% Tofu Waste (TW) +50% field grass
Email: aarief@ansci.unand.ac.id (control); B. 25% TW +25% PKCC +50% Tithonia (Tithonia diversifolia);
C. 25% TW +25% PKCC +50% Cassava leaves (Manihot utilisima); D. 25%
TW +25% PKCC +50% Gamal (Gliricidia sepium). The results showed were
significant (P<0.05) on parameters such as DMI, OMI, CPI, DMD, OMD, CPD,
protein, lactose, fat, TS, and Ca of milk. It can be concluded that the replacement
of field grass with forage sources such as Tithonia, Cassava leaves, and Gamal
and the replacement of tofu waste with concentrate-based palm kernel cake could

Introduction

Forage such as elephant grass is the main feed for
ruminants to provide crude fiber. Other unconventional
forage sources are Tithonia (Tithonia diversifolia),
Cassava leaves (Manihot utilisima), and Gamal
(Gliricidia sepium) were suggested. Tithonia is a shrub or
weed-like plant that grows a lot in an empty land, roadsides,
and rice fields. In West Sumatra, Tithonia is also known as
the paitan plant because of its bitter leaves (Pazla et al.,
2021a). Tithonia plants have not been widely used as a
source of organic matter, fertilizer, or animal feed
ingredients. However, Tithonia is quite favored by livestock
because of its high protein content of up to 22.98%
(Jamarun et al., 2019). Also, Cassava leaves and Gamal are
nutritious foraged ingredients that are useful for livestock.

Furthermore, livestock needs concentrated feed
ingredients for energy. The prices of concentrate ingredients,
especially corn, are expensive. Therefore, it is necessary to
look for alternative feed ingredients with abundant
availability and quality to reduce dependence on imported
feed ingredients. One of the concentrate feed ingredients is a
by-product of the palm oil processing industry, namely Palm
Kernel Cake (PKC). Viewed from the production aspect,
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increase feed intake, digestibility, protein, lactose, and fat of milk.

Keywords: Goat, Forage, Milk, Nutrition, Palm Concentrate

60% of the total palm oil industry products are by-products.
PKC is useful as an alternative feed ingredient for livestock
because it has good nutritional composition and great
potential as a source of concentrated feed ingredients for
livestock (Ariefetal., 2019a).

In addition to dairy goats, livestock that can be
developed as milk-producing is Etawa Crossbred Dairy
Goats (ECDG). The ECDG crosses between Etawa goats
and Indonesian kacang goats. The advantage of ECDG is
that they have good adaptability to the different
environmental macroclimatic conditions in Indonesia.
ECDG are dual-purpose type goats that have good
reproductive characteristics and better nutritional milk
content than cow's milk (Ariefet al., 2019b). ECDG is raised
for milk production, especially in Indonesia (Arief et al.,
2021a-b). Goat's milk contains minerals such as Ca, P, and
Mg which are higher than cow's and human milk. The high
content of medium-chain fatty acids is beneficial for the body
because it is rapidly oxidized by the liver and induces a full
effect (Vaquil, 2017). Besides, goat's milk has medicinal
properties that can cure various diseases such as asthma and
tuberculosis (Pal et al., 2011).

Research on the use of various forage sources
combined with the provision of by-products from the

© 2023 Arief and Roni Pazla. This open-access article is distributed under a Creative Commons Attribution (CC-BY) 4.0

license.
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palm oil industry and tofu waste as feed ingredients for
lactating ECDG concentrates has never been carried out.
If this potential is explored properly, non-conventional
forage sources and the palm oil industry will play a
significant role in providing animal feed, especially dairy
goats, which are useful for supporting food self-
sufficiency programs, especially milk in Indonesia (Pazla
et al., 2018a).

This research aimed to study the productive traits and
milk quality of ECDG fed on several sources of forage
with Palm Kernel Cake Concentrate (PKCC).

Materials and Methods
Ethical Approval

This experiment has referred to research ethics using
livestock based on the Republic of Indonesia government
law number 18 of 2009 (Section 66), which addressed animal
keeping, raising, killing, and proper treatment and care.

Experimental Design and Duration

This research was conducted at an ECDG livestock
company in Payakumbuh, West Sumatra, Indonesia (-
0.2330638,100.6268024). There were 16 ECDGs in the
second month of lactation used in this research. The
selected ECDG at 1-1.5 years and 58-60 kg. All zoo
hygiene requirements are met in intensive goat farming
(Hasan et al., 2022).

This experiment used a 4 x 4 completely randomized
design determined by four treatments of feed formulation
as follows: A. 50% Tofu Waste (TW)
+50% field grass (control); B. 25% TW +25% Kernel
Cake Concentrate (PKCC) +50% Tithonia; C. 25% TW
+25% PKCC +50% Cassava leaves; D.25% TW +25%
PKCC +50% Gamal for a total of 16 experimental units.
ECDGs were placed in individual cages with a size of
1.25 x 1.00 m. The experimental cage was given
disinfectant (anti-microorganism) to inhibit and Kill
microorganisms and all ECDG were given deworming
before the study started. All ECDGs were confirmed not
to have mastitis. The experiment was carried out for 50
days consisting of 30 days of the adaptation period, 15
days of the preliminary period, and 5 days of the
collecting period.

The experimental ration consisted of forage and
concentrate in a ratio of 50:50. The ration was given at
3.5% of body weight-based dry matter (NRC, 2007).
Drinking water was available ad libitum. The nutritional
contents of each feed ingredient are presented in Table
1. The composition and nutritional contents of palm
kernel cake-based concentrates are presented in Table 2.
The composition and nutritional contents of the
experimental rations are explained in Table 3. Proximate
analysis of feed ingredients (dry matter, ash, protein,
extract ether, and crude fiber) was
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carried out following (AOAC, 2005). NDF was
determined following (Goering, 1970). TDN was
estimated with the following formula (Moran, 2005):

TDN =5.31+0.412 CP% + 0.249
CF% +1.444 EE% + 0.937 NFE%

where:

CP = Crude Protein
CF = Crude Fiber
EE = Extract Ether

NFE = Nitrogen Free Extract

Collection of Fecal Samples

The sewage collection (n = 16) from the ECDG was
carried out for 5 days from the 46™ day to the 50" day. The
dirt was weighed every day at 8 am (the weight of fresh
dirt). Then 200 g of dirt was taken as a sample to analyze
the dry matter, ash, and crude protein content. Thesamples
were oven to 60°C for 8 h and then weighed (dryweight).
Before analysis in the laboratory, goat hair attached to the
manure was removed.

Milk Sample Collection

Every day, the milk production of each experimental
animal was weighed and recorded. Milk samples (n = 16)
were taken 2 times during the studyfor quality testing
as much as 300 mL per treatment goat. Before sampling,
the nipples were cleaned so that the dirt that sticks out can
be lost and not contaminate the milk. Then, the milk
sample was taken and storedin a cool box to avoid
microbial contamination.

Parameters Measured

The variables measured were Dry Matter Intake
(DMI), Organic Matter Intake (OMI), Crude Protein
Intake (CPI), Dry Matter Digestibility (DMD), Organic
Matter Digestibility (OMD), Crude Protein Digestibility
(CPD), milk production and milk quality parameters such
as milk protein, lactose, milk fat, Total Solid (TS), Solid
Non-Fat (SNF), pH, BJ and Ca and P mineral.
Digestibility measurement in vivo using the total
collection method (Jamarun et al., 2021): Weighing the
entire ration eaten and weighing all excreted feces.

Protein, lactose, and fat were measured using the
method of (AOAC, 2005), SNF and TS were measured
using lactoscan MCC50, pH was measured using a pH
meter digital HI9807-phep, Singapura, while specific
grafity was measured using a lactodensimeter merk funke
gerber Germany.
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Table 1: The nutritional content of ea h feed ingredient

Feedstuff

Nutrient (%) Fields grass T CL G Rice bran Tofu waste PKC Corn

Dry matter 23.29 25.57 31.10 21.42 87.80 28.40 91.83 85.80
Organic matter 92.41 84.01 89.85 94.85 90.80 97.67 91.41 99.10
Protein 10.23 22.98 27.15 19.11 10.72 20.11 12,36.00 7.70
Crude fiber 25.44 18.17 19.12 19.75 11.60 19.00 26.68 2.44
Extract ether 3.64 04.71 3.52 2.98 08.73 01.25 8.23 3.50
NFE 53.10 38.15 39.26 53.01 59.75 57.31 44.14 85.46
NDF 67.20 55.03 56.13 46.33 55.13 59.28 66.70 49.96
TDN 58.65 62.60 79.21 67.60 66.63 74.61 65.40 81.90

Note: T =Tithonia, CL = Cassava Leaf, G = Gamal, PKC = Palm Kernel Cake, NFE = Nitrogen Free Extract, NDF = Neutral Detergent

Fiber, TDN = Total Digestible Nutrient

Table 2: The composition and nutrients of palm kernel cake
concentrate (% DM)

Feed ingredients Level (%)
Palm kernel cake 40.00
Rice bran 20.00
Corn 9.00
Tofu waste 30.00
Ultra mineral 1.00
Nutrient Percentage (%)
Dry matter 91.84
Ash 9.88
Crude protein 16.88
Crude fiber 13.22
NFE 55.06
NDF 62.84
TDN 66.36

Note: NFE = Nitrogen Free Extract, NDF = Neutral Detergent
Fiber, TDN = Total Digestible Nutrient

Table 3: Composition of treatments ration (%)

Treatments

Feed materials A B C D

Field grass 50 0 0 0
Tithonia - 50 0 0
Cassava - - 50 0
Gamal - - 0 50
PKCC - 25 25 25
Tofu waste 50 25 25 25
Total 100 100 100 100

Statistical Analysis

Experimental data were analyzed using the Analysis of
Variance (ANOVA) with a completely randomized
design (Steel and Torrie, 1980) using SPSS software
version 20. Parameters mean showed statistical
differences in probabilities level of P<0.05 compared
using the Duncan multiple range tests. The statistical
model and experimental design were as follows:

Yii= 1+ M +g

where, Y;jdenotes the observation variable, i denotes the
overall mean, M; denotes the effect of treatments and e;;
denotes the residual effect.

Results
Milk Production

The quality of feed greatly determines the optimal
production and quality of milk. Milk production in this
study did not differ between treatments, but treatments
that received various types of forage (Tithonia, Cassava
leaves, and Gamal) and PKCC showed higher milk
production (Fig. 1) and no relationship between them.
crude protein intake and milk production (Fig. 2).

Milk Quality

The results on the quality of ECDG goat milk showed
that treatment C had the highest milk protein contents
(Table 4) which was not significantly different from
treatments B and D. Treatment B resulted in higher levels
of lactose (P<0.05). The highest milk fat content was
found in treatment B which was not significantly different
from treatment D. The highest SNF was obtained due to
the high protein and lactose contents in treatment B. The
statistical analysis showed that there was no significant
difference between treatments on the specific gravity of
milk. Treatment B had the highest total solid, 21.78% and
treatment A exhibited the lowest total solid up to 16.87%.
The pH value of milk in this study was 6.76-6.86. The
contents of Ca and P in treatment A expose the lowest
value when compared to treatments B, C, and D, which
received ingredients from Tithonia forage, Cassava
leaves, and Gamal, as well as PKCC.

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC could increase
(P<0.05) the Dry Matter Intake (DMI) (Table 5).
Treatments B, C, and D revealed better DMI. The average
Organic Matter Intake (OMI) during the study ranged
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from 2.23-3.53 Kg/e/h. The OMI in treatment A was
significantly (P<0.05) lower than the other treatments.
Crude Protein Intake (CPI) in treatments B, C, and D
indicated a higher value (P<0.05). Treatment C exhibited
the highest value (0.91 kg/head/day).

Nutrient Digestibility

The treatment of various forage sources and PKCC
concentrates gave a significantly different effect

Table 4: Milk quality of the different experimental groups

(P<0.05) on the digestibility of dry matter, organic matter,
and crude protein (Table 6). Treatment C revealed the
highest Dry Matter Digestibility (DMD) (76.85%) and
Organic Matter Digestibility (OMD)(77.25%) while the
lowest was treatment A (69.43%). The range of Crude
Protein Digestibility (CPD) of the treatment was 71.26-
86.01%. Also, treatment C showed the highest CPD
(88.01%) while, treatment A appeared to have the lowest
CPD (71.26%).

Treatments
Parameters A B Cc D SEM
Protein (%) 4897 5.99° 6.26° 6.01° 0.2500
Lactose (%) 5.58? 6.732 3.55° 3.44° 0.5400
Fat (%) 3.58? 6.78° 3.70° 6.05° 0.3400
Solid Non-Fat (SNF) (%) 13.30 15.01 13.92 13.79 0.6000
Total Solid (TS) (%) 16.872 21.78¢ 17.62% 19.840¢ 0.8100
pH 6.8600 6.7800 6.7600 6.8100 0.0400
Specific gravity (g/cm?) 1.0285 1.0289 1.0288 1.0288 0.0002
Ca (%) 0.342 0.47° 0.56° 0.73¢ 0.1800
P (%) 0.2300 0.2700 0.2900 0.2600 0.2400
Note: Different superscripts (a, b, ¢, d) in the same line showed significant differences (P<0.05)
Table 5: Feed intake of the different experimental groups
Treatments
Parameters (Kg/day) A B C D SEM
DMI 2.3 3.06° 3.85° 3.3T° 0.63
oMl 2232 2.81° 3.53¢ 3.1 0.64
CPI 0.392 0.53% 0.91° 0.65° 0.64
Note: Different superscripts (a.b,c,d) in the same line showed significant differences (P<0.05)
Table 6: Nutrient digestibility of the different experimental groups
Treatments
Parameters (%) A B C D SEM
Dry matter digestibility 67977 73.35° 76.85° 68.457 0.62
Organic matter digestibility =~ 69.43? 74.07° 77.25° 69.972 0.60
Crude protein digestibility 72.19° 74.83? 86.01° 71.26% 2.10

Note: Different superscripts (a, b, ¢, d) in the same line showed significant differences (P<0.05)

;E_ 1.16 1.14 1.12
3 1398 10 — :
< 1.1

o 09

>

! 0.7

£ 0.5

= 03

3 o1

g -0.1

g Groups

I A B c D

Fig. 1: Milk production as affected by treatments, kg/d

12

rude Protein Intake (kg/d)

Fig. 2: Relationshipbetween crudeproteinintakeand milkproduction



Avrief and Roni Pazla/ American Journal of Animal and Veterinary Sciences 2023, 18 (1): 9.18

DOI: 10.3844/ajavsp.2023.9.18

Discussion
Milk Production

Milk production in this study did not differ between
treatments, but treatments that received various types of
forage and PKCC + TW (B, C, and D) revealed higher
milk production. Milk production is related to the protein
value of the ration. Rations B, C, and D contained higher
crude protein. In the rumen, crude protein will be
converted into NHz. Rumen microbes utilized nitrogen
from NH; for growth (Pazla et al., 2021b). Optimal
microbial growth increased microbial activity in
fermenting polysaccharides and converted them into VFA
(Suyitman et al., 2021). VFA is the primary source of
energy in ruminants. Optimal energy will optimize
livestock productivity in milk production.

Although not statistically significant, milk production
increased by replacing field grass with Tithonia, Gamal
and Cassava leave. This proves that Tithonia leaves,
Cassava leaves, Gamal and concentrate (PKCC + TW)
could increase ECDG milk production. The higher milk
production in treatments B, C, and D was in line with the
crude protein content of the ration contributed from Tithonia,
Cassava leaves, and Gamal, as well as PKCC + TW. Protein
plays a significant role in maintaining mammary gland
cells. The production of hormones and enzymes for milk
biosynthesis is also strongly influenced by feed protein.
Arief et al. (2018a) reported ECDG milk production of
about 1.83 Kg/day which is different from the current
study. The difference is due to the type of forage and
concentrates used.

Milk Quality

The value of milk protein in this study ranged from
4.89-6.26% and this value is higher than the normal range
of 2.75-3% (SNI, 2011). Based on the Thai agricultural
standard, this milk protein has been categorized as
premium milk quality (TAS, 2008). Treatments B and C
with Tithonia forage, Cassava leaves, and PKCC + TW
showed the highest milk protein. The increase in milk
protein contents was caused by the combination of forages
containing high protein (Tithonia and Cassava leaves)
with PKCC + TW. Rations B and C can increase the
supply of amino acids in the rumen to the intestine.
Consumption of high-quality ration protein by ECDG is
not all degraded in the rumen. Protein also enters the small
intestine to be converted into amino acids. Amino acids
are absorbed in the small intestine, flow through the
circulatory system and get into the udder. After that, the
process continued with the synthesis of milk protein. The
results of this study follow (Jamarun et al., 2020a), who
stated that dairy goats given high crude protein could
increase milk protein.

Glucose and galactose are the constituent elements of
lactose while the average lactose content in this study is
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about 3.44-6.73%. According to SNI (2011) the lactose
content of milk is 2-3%. Ratya et al. (2017) reported that
the lactose content of ECDG milk was 3.70-3.80. This study
indicated that the lactose content of ECDG milk is still in the
normal category and some have the premium category.
Treatment B (Tithonia + PKCC + TW) resulted in higher
levels of lactose. Tithonia contains amino acids. The
absorbed amino acids in the intestine were broken down into
simple sugars. Gluconeogenesis in the liver will increase the
glucose level in the blood so that the milk lactose level also
rises. Zhang et al. (2018) stated that glucose is the main
precursor in the formation of lactose in milk. High-soluble
carbohydrates cause the substrate availability needed in the
milk lactose synthesis process (Arief et al., 2018b). Lactose
in treatment B was not different from treatment A. Treatment
A contained more concentrate (tofu waste). Tofu waste is
feed ingredients classified as carbohydrates that are easily
digested. Carbohydrates are converted to VFA (propionic
acid). Propionic acid enters the process of gluconeogenesis.
The blood immobilizes glucose in the udder gland to
synthesize lactose in milk (Arief et al., 2020).

The highest milk fat content was found in treatment B
(Tithonia + PKCC + TW) and was not significantly
different from treatment D (Gamal + PKCC + TW).
Treatments A and C were also not critically different in
the fat contents. The high-fat contents in treatment B were
due to the consumption of crude fiber in the ration, which
was higher than the other treatments. In addition, the
increased milk fat contents are also influenced by high
feed fat consumption. The fat in the rumen is converted
into fatty acids (Makmur et al., 2020). Fatty acids are the
precursors in milk fat formation. ECDGs that consume
feed with high-fat content tend to have high milk fat.

The SNF value of the ECDG treatment is about 13.30-
15.01%. The lowest mean value was in the control
treatment (A. The highest mean value was indicated by
treatment B and followed by treatments C and D. These
data indicated that the SNF of treated ECDG milk
exceeded the standard. SNI (2011) stated that the SNF
requirement for milk is 6-8%. The highest SNF was
obtained due to the high protein and lactose content in
treatment B. The rise of SNF level occurs due to the fat
content that is not included in that section so the remaining
protein and lactose levels can affect the high percentage
produced. The high SNF in treatment B was also
influenced by the high BJ value in the treatment compared
to other treatments. Utari et al. (2012) reportedthat the
SNF of goat milk-fed with a complete diet rangedfrom
10.33-11.61%. The difference is due to the high disparity
between the dry matter and milk fat content.

Specific gravity is a derived quantity from the quotient
of mass and volume. The specific gravity of milk can be
used to determine the adulteration of milk added by
coconut milk and other ingredients that should not be
present in whole milk (Fitriansyah et al., 2014). This



Avrief and Roni Pazla/ American Journal of Animal and Veterinary Sciences 2023, 18 (1): 9.18

DOI: 10.3844/ajavsp.2023.9.18

study indicated that the average specific gravity of ECDG
milk treatment with the highest average was obtained in
treatment B, while the lowest average specific gravity was
obtained in treatment A. The statistical analysis results
showed that there was no significant between treatments
on the milk-specific gravity. The specific gravity of milk
was in the normal range, according to (SNI, 2011).
Bhattarai (2012) stated that the specific gravity of goat's
milk is higher than cow's milk. Changes in specific gravity
are influenced by the specific gravity of each component
of milk consisting of protein, lactose, and fat.

Total solid is a description of the solid content in milk.
Treatment B has the highest total solid, while treatment A
shows the lowest total solid. The provision of various
types of forage and PKCC + TW on ECDG can produce a
total solid that is following (SNI, 2011) which is a
minimum of 10.8%. The administration of various forage
and PKCC + TW was significantly different (P<0.05)
from the total solid.

The low total solid in treatment A was due to the lower
nutritional quality in the treatment than other treatments.
Treatment A only contained field grass and tofu waste.
The difference between the total solid components
between treatments occurred due to differences in the use
of nutrients in the feed. Similarly, Jamarun et al., (2021)
stated that the total solid depends on the nutrients
consumed by livestock. Nutrients will be used as
precursors in the formation of solids in milk.

The pH value of milk in this study was 6.76-6.86. The
value follows the standard of (TAS, 2008) whichis 6.5-
6.8. The pH value is an indication of damage to milk.
Different pH values can be caused by the content offreshly
milked fresh milk such as CO,, phosphate, citrate, and
protein. Some of these compounds affect the ability of
milk buffer. Milk buffer can inhibit milk's deterioration,
which is induced by changes in the pH and acidity of milk
(Zain, 2013). If there is bacterial activity, the pH value
changes to acid (Swadayana et al., 2012). ApH value
above 6.7 usually indicates the possibility of mastitis
(Legowo and Kusrahayu, 2009).

The content of Ca and P in treatment A which only
received feed ingredients from field grass and tofu waste was
the lowest value. The nutritional quality of the given ration
determines the minerals of the milk produced. Pazla et al.
(2021c) reported that the Ca and P content of Tithonia was
richer than field grass, namely 0.99% Ca and 0.33% P, while
field grass only contained 0.07% Ca and 0.09% P.

Feed Intake

The replacement of field grass with various forages
(Tithonia, Cassava leaves, and Gamal) and the
replacement of tofu waste with PKCC can increase the
Dry Matter Intake (DMI). Treatments B, C, and D showed
better DMI. Pazla et al. (2018b) stated that high DMI
indicated good palatability of feed ingredients. Good
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palatability encourages livestock to consume many
nutrients. The performance of an animal will be more
productive due to nutrition. Palatability is the most influential
factor in the DMI of livestock. The DMI in this study
showed a better percentage when compared to (Isah et al.,
2015) with DMI values of 0.89 kg/head/day. Rosartio et al.
(2015) get a DMI that is almost the same as this study,
which is 2.73-3.83 kg/head/day. The difference is due to
the quality of the forage provided.

The highest DMI was found in treatment C with an
average of 3.85 kg/head/day. Giving Cassava leaves up to
50% is still palatable for ECDG so their consumption
increases. This is due to the goat's habit of "browsing" in
search of food and its preference for leaves. The highest
crude protein level in treatment C was also the factor
causing the increase in DMI. Similarly, (Suyitman et al.,
2020) state that the DMI of feed is influenced by feed
digestibility, palatability, crude protein contents, and
organic matter contents.

Treatment A showed the lowest DMI. The low intake
in treatment A was caused by the forage given. Field grass
has low nutrient contents and palatability compared to
forages in other treatments.

The intake pattern of organic matter follows the pattern
of DMI. Dry matter is the main component in addition to
water content in animal feed ingredients, whileorganic
matter is part of dry matter. The increase in DMI impacted
the rise of OMI as reported by Febrina et al. (2017). The
average OMI during the study ranged from 2.23-3.53
Kg/e/h. The OMI in treatment A was significantly lower
than in the other treatments. Low OMC is caused by low
DMI.

Crude protein intake in treatments B, C, and D showed
a higher value. Treatment C which got Cassava leafforage
revealed the highest value (0.91 kg/head/day). The crude
protein content of Cassava leaves is also higher than other
forages. CPI is strongly influenced by the crude protein
content of feed ingredients. In addition, DMI was also
the factor causing the rise of CPl in treatment C.
Likewise, (Jamarun et al., 2021)stated that the CPI was
influenced by the protein content in the ration. The high
CPI will affect the high utilization of feed protein for
production needs. Giving Cassava leaves can increase the
CPI.

Marwah et al. (2010) found a lower CPI than the CPI
in this study, which was 0.34 kg/head/day. The difference
is due to the distinct types of forage and concentrates
given to ECDG. The ration in a recent study was superior
because the forage provided had high protein and
concentrate with more diverse components.

The anti-nutritional effect of Tithonia, Cassava, and
Gamal leaves up to 50% in the ration has not been seen in
reducing feed intake. This proves that up to a level of 50%,
the provision of Tithonia, Cassava, and Gamal in rations
is safe for livestock. Several studies on Tithonia,
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Cassava, and Gamal added to the ration mix did not affect
the productivity and digestibility of ruminants if the dose
was not excessive (Jamarun et al., 2020b).

Nutrient Digestibility

The treatment of various forage sources and PKCC
+ TW concentrates gave a significantly different effect on
the digestibility of dry matter, organic matter, and crude
protein. ECDG that received Cassava leaf forage and
PKC concentrate revealed higher digestibility than the
goats that were given field grass, Tithonia, and Gamal.
This means that Cassava leaves can play a role in
increasing digestibility.

Whether or not the quality of a ration given to
livestock can be seen from the percentage of DMD. The
higher the DMD, the higher the opportunity for nutrients
utilized by livestock for growth and production. Ja and
Oloidi (2014) obtained lower DMD scores than this study,
which was 70.98%. Isah et al. (2015) got the higher DMD
which was 754%. The difference in DMD is due to the
type and nutritional content of the rations given.

The average DMD value of the treatment ration
increased with the provision of Tithonia forage, Cassava
leaves, and PKC concentrate. In this case, this is due to

the better nutritional content of the ration. The
percentage of OMD in this study ranged from 69.43 to
77.25%. The treatment of various forages and PKC-
based concentrates had a significant effect on OMD.
Treatment C got the highest OMD (77.25%) while the
lowest was treatment A (69.43%). The OMD value
increased along with the rise of the DMD. Jamarun et al.
(2018) reported that the pattern of OMD s related to

DMD. Most of the dry matter content is digestible
organic matter such as carbohydrates, proteins, and fats.

The range of crude protein digestibility of the treatment

was 71.26-86.01%. Treatment C got the highest CPD
(88.01%) while treatment A got the lowest CPD (71.26%).
The chemical composition of feed ingredients dramatically
affects the level of digestibility. The quality of the ration is
proportional to the digestibility of crude protein. CPD is also
associated with the consumption of crude protein. High
crude protein consumption will result in high crude protein
digestibility. Putri et al. (2021) stated that crude protein
digestibility is influenced by microbial protein synthesis.
Microbial protein synthesis will increase along with the
rise in ration protein (Pazla et al., 2018a).

The treatment of giving various forages and PKC+TW
concentrates had a significant effect on the increase in
CPD. This means that the application of Tithonia,
Cassava, and Gamal up to 50% could maintain the CPD.
Crude protein digestibility is highly dependent on the
performance of proteolytic bacteria. Proteolytic bacteria
are bacteria that produce extracellular protease enzymes
that will break down protein in feed. The significant
difference between
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treatments was due to different proportions of proteolytic
bacteria in each treatment. The CPD in this study was
higher than (Supriyati and Haryanto, 2011), who obtained
a CPD of the combination of elephantgrass and palm
kernel cake of 73.027-75.99%. The difference is due to
the feed ingredients which are concentrate and forage.

Conclusion

Replacement of field grass with various forage sources
and replacement of tofu waste with concentrate- based
palm kernel cake could increase feed consumption and
digestibility, as well as increase the protein, lactose, and
fat of milk.
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