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Livestock producers are currently facing challenges such as scarcity and high prices of
concentrate feed, which significantly impact livestock productivity. Therefore, this
research aimed to assess the impact of supplementing moringa leaf and fruit powder on
hematological parameters, cholesterol levels, weight gain, and carcass weight in female
Kacang goats. To conduct the analysis, a Randomized Block Design (RBD) with three
treatments was adopted, each repeated four times as groups. The treatments included PO:
Concentrate without moringa leaf and fruit powder, P1: Concentrate with the addition of
20% moringa fruit powder, and P2: Concentrate with the addition of 20% moringa leaf
powder. The experimental livestock comprised 12 female Kacang goats aged 10-12
months, weighing between 8 kg to 12.5 kg. The observed variables included weight gain,
dry matter intake, feed efficiency, leukocyte count, erythrocyte count, hemoglobin levels,
hematocrit levels, High-Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL),
Triglyceride (TG) levels, carcass weight, and carcass percentage. The analysis of
variance (ANOVA) indicated significant effects of supplementing concentrate with
moringa leaf and fruit powder on weight gain, HDL, LDL, and TG levels, carcass weight,
and carcass percentage in female Kacang goats. These results showed that adding
moringa leaf and fruit powder into concentrate could effectively reduce cholesterol levels
in goats meat. Additionally, the 20% addition of the powder to concentrate enhanced

protein contribution, thereby accelerating livestock weight gain.

resources, animal nutrition, sustainable
agriculture
1. INTRODUCTION

The escalating prices of ingredients have led to the high cost
of livestock feed, resulting in poor nutrition [1, 2] and
subsequently decreased livestock productivity in developing
countries such as Indonesia [3]. Feed scarcity poses a
significant challenge to livestock production, worsening the
issue of low protein intake sufficiency [2, 4]. Therefore, it is
necessary to explore alternative livestock feed derived from
agricultural or plantation lands to address the limited
availability of feed [5, 6].

The use of legume and non-leguminous tree forage to
support nutritional intake for goats is something that needs to
be continuously pursued considering the low nutritional
content of natural grass forage used, especially in tropical
countries. In Indonesia, particularly in Central Sulawesi, goats
are recognized to be a promising small ruminant species for
development and low-maintenance husbandry [7]. Goats serve
as a valuable source of animal protein [8, 9], but there is a
public perception that their meat contains higher cholesterol
contents compared to beef or poultry meat.

Cholesterol contents in goats’ meat are 75 mg lower than
those in beef, which are at 90 mg [10, 11]. This result
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contradicts the assumption that goat’s meat is a significant
contributor to cholesterol without scientific evidence.
Cholesterol exists in food and the body, primarily as free
cholesterol or fatty acids [12, 13]. It serves essential functions,
comprising hormone production and cell wall formation [14,
15]. Upon excretion, it is released in bile as unchanged
cholesterol, cholic acid, or chenodeoxycholic acid (bile acids)
and stored in a bile solution by bile salts and phospholipids
[16].

Cholesterol released from peripheral tissues is extracted and
lecithinized by lecithin cholesterol acyltransferase (LCAT)
and esterified in plasma by fatty acids, which are then
transported to the liver as High-Density Lipoprotein (HDL)
[17]. Moreover, it can be transported to lipoproteins through
triglyceride exchange [18, 19]. Decreased plasma cholesterol
esters occur when hepatic parenchymal cells are damaged due
to LCAT deficiency in the liver. The rare occurrence of the
deficiency results in the accumulation of free cholesterol in
plasma and tissues [20].

Moringa (Moringa oliefera) is a popular plant in Indonesian
society, particularly in Palu City. Phytochemical tests have
shown that moringa leaf contains chemical compounds such
as alkaloids, flavonoids, phenols, triterpenoids/steroids, and
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tannins, which serve as anticancer and antibacterial agents [21].

Moringa leaf and fruit are widely used as raw materials in the
cosmetics industry, pharmaceuticals, and probiotic beverages
for health, or added to food as fortifiers (nutrients) to enrich
their nutritional value. Moreover, moringa fruit offers various
benefits including preventing colon cancer, aiding in edema
treatment, reducing the risk of diabetes and asthma
exacerbation, preventing prostate cancer and hypertension,
lowering cholesterol levels, combating cardiovascular

diseases, and possessing anti-inflammatory properties [22, 23].

Moringa is a nutrient-rich plant species, with its leaf
containing protein (28.25%), Beta-carotene (Provitamin A)
11.93 mg, calcium (Ca) (2241.19) mg, iron (Fe) (36.91) mg,
and magnesium (Mg) (28.03) mg [24, 25]. On the other hand,
the main content in moringa fruit is minerals, particularly Fe,
with a concentration of 0.36 mg per 100 grams [26], Is a source
of animal feed that is rich in other bio-active compounds
including flavonoids and phenolic compounds [23].

The nutritional benefits of moringa leaf and fruit offer an
opportunity for utilization in livestock farming. They can be
used as mixed feed to reduce cholesterol contents in goats’
meat and enhance the performance, hematological parameters,
and carcass quality. In general, the aim of this research is to
explore alternative food sources for peanut goats that come
from nature towards sustainable agriculture. Meanwhile, the
specific is aimed to assess the effect of adding moringa leaf
and fruit powder on hematological parameters, cholesterol
contents, weight gain, and carcass weight of female Kacang
goats.

2. MATERIAL AND METHODS
2.1 Research time and place

The research was conducted from March to November 2023
following a preliminary test on the nutritional content of feed
ingredients, conducted from March to October 2022, at the
Agrotechnology Laboratory of the Faculty of Agriculture,
Tadulako University. The goat pens, owned by residents, were
situated in Boyaoge Village, Tatanga Sub-district, Palu City,
Central Sulawesi Province.

2.2 Research materials

The experimental livestock comprised 48 female Kacang
goats aged 10 to 12 months, weighing between 8 to 12.5 kg.
The determination of livestock age relied on the condition of
the goats' temporary and spaced-out incisor teeth [27, 28]. The
Kacang Goats are used with permission from the Central
Sulawesi Provincial Livestock Service in collaboration with
Tadulako University.

During the research, the treatment feed included concentrate
and Panicum sarmentosum (Roxb) forage. The concentrate
covered a mixture of several ingredients including ground
soybeans (13%), rice bran (55%), and ground corn (32%).
Additionally, moringa leaf and fruit powder were each
supplemented at a 20% ratio into the concentrate. Feeding
occurred at 07:30 in the morning at 1% dry matter of body
weight, while Panicum sarmentosum (Roxb) grass was offered
ad libitum after the consumption of the concentrate and
treatment.

The main pens used comprised two elevated units featuring
asbestos roofs, bamboo flooring, and tasowood frame walls.
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Each pen measured 6 x 1.25 m and was subdivided into
individual sections measuring 1 % 1.25 m, housing one
experimental goats per section. Each section was furnished
with a feed trough constructed of boards and a drinking water
basin. Three days before using the pens, they were cleaned and
sprayed with Antisep disinfectant diluted at a rate of 15 cc per
10 liters to eliminate germs.

Table 1. Nutritional content of feed ingredients used in the

research
Dry Crude Crude
Feed Ingredients  Matter Protein Fiber Crl‘:;le Fat
% % & P
Panicum sarmentosum  26.29 11.51 30.20 1.90
Ground Corn 86.82 9.54 9.92 8.30
Ground Soybeans 91.97 31.35 9.73 11.65
Rice Bran 89.6 9.67 30.65 2.08
Moringa Fruit Powder 90.18 18.27 18.95 14.04
Moringa Leaf Powder 92.70 22.54 12.59 7.32

Source: Analysis Results of the Agrotechnology Laboratory, Faculty of
Agriculture, Tadulako University, 2022.

Table 2. Concentrate content used

Ingredient .. Dry Crude Crude Crude
gName Composition Mattyer Protein Fiber Fat TDN
Ground 32 2778 3.05 3.17 2,66 25.88
Corn
Ground 13 1196 408 1.26 1.51 7.93
Soybeans
Rice Bran 55 4946 587 10.11 254  33.67
Total 100 89.19 1299 1455 6.7115 67.47

2.3 Research design

This research adopted a Randomized Block Design (RBD)
using with 3 treatments and repeated 4 times as groups, with
one experimental unit consisting of 4 female Kacang goats so
that a total of 48 goats were used. The treatments provided
includes referring to Tables 1 and 2.

P0O: Concentrate without the addition of moringa leaf and
fruit powder.

P1: Concentrate with the addition of 20% moringa fruit
powder.

P2: Concentrate with the addition of 20% moringa leaf
powder.

2.4 Observed variables

According to Mthi et al. [29], the observed variables
included:

Hematological parameters: The levels of erythrocyte,
leukocyte, thrombocyte, hemoglobin, and hematocrit in goats
were measured through blood sampling [30]. Blood samples
were drawn from the jugular vein situated on the neck of the
goats. The sampling procedure included applying pressure to
the lower part of the blood vessel to impede blood flow,
followed by sample collection using a 3 ml syringe inserted
into the designated collection tube.

Cholesterol: The sampling process was carried out
concurrently with the cholesterol sampling. Blood samples
were collected to determine Triglyceride (TG), High-Density
Lipoprotein (HDL), and Low-Density Lipoprotein (LDL)
levels.

Weight gain: Weight gain was calculated by subtracting the



initial body weight from the final body weight and dividing it
by the observation period, with weighing conducted weekly
before feeding.

2.5 Carcass weight

Carcass weight was directly measured immediately after
slaughter and determined by calculating the difference
between the pre-cut weight and the weight after cutting [31,
32]. The weight after cutting included the head, lower limb
joints (tibia and fibula) at the tarsal bumps for both hind legs,
and at the elbow joints (radius and ulna) at the carpal bumps
for both front legs, as well as internal organs (digestive tract,
reproductive tract, urinary tract, heart, lungs, spleen, liver,
excluding kidneys). The carcass percentage was calculated by
dividing the carcass weight by the pre-cut weight, and then
multiplying by 100% [33].

2.6 Data analysis

The data obtained were analyzed using the analysis of
variance (ANOVA), and overall analysis using Minitab 16
software [34, 35]. When the treatment had a significant effect,
the least significant difference (LSD) test was performed [36].
The mathematical method used was as follows:

Yij=u+oi+ fj+8&j

where,
i: Treatment 4
j: Group 4
Yij: Observation value i and treatment j
u: Population mean value
A: Effect from group i
Bj: Treatment from treatment j
&€ij: Experimental error

3. RESULTS AND DISCUSSION

Weight Gain

Based on the ANOVA results, the addition of concentrate
with moringa leaf and fruit powder significantly affected
(P<0.01) the weight gain of female Kacang goats. Post-hoc
tests using the honest significance difference (HSD) method
indicated significant differences between treatment groups PO
and P1, as well as between P1 and P2 (Table 3).

Table 3. Mean weight gain of Kacang goats during the

research
Group Treatment
PO P1 P2
1 65.18 91.96 122.32
2 67.68 94.64 123.75
3 66.79 94.46 124.11
4 68.57 95.36 124.46
Mean 67.05A 94.11B 123.66C

Note: Numbers followed by the same letter toward the rows indicate
significant and highly significant differences.

The data in Table 1 indicating the trend of weight gain
increase in treatments P1 and P2 suggested that feeding with
concentrate supplemented with 20% moringa leaf and fruit
powder provided a high protein contribution, thereby

965

accelerating livestock weight gain. This result was in line with
the research by Kim et al. [37], indicating that excess protein
in feed could be efficiently used by livestock for weight gain.

The observed increase in weight gain in treatment group A3
correlated with the level of feed consumption and digestibility.
Higher feed consumption and better digestibility resulted in
improved weight gain, consistent with the observations by
Wilkinson and Lee [38], and Cantalapiedra-Hijar et al. [39].
Moreover, feed intake and digestibility were recognized as
crucial factors affecting livestock productivity [40, 41]. Higher
energy intake also led to faster growth and increased growth
rates.

Based on the F-test results from the ANOVA, the addition
of moringa fruit and leaf powder into concentrate significantly
influenced (P<0.01) the levels of HDL, LDL, and TG in
female Kacang goats (Table 4).

Table 4. Mean cholesterol values of experimental livestock
in various treatments

Parameter Treatment
PO P1 P2
HDL 24.8 34.95 41.37
LDL 5.15 345 1.62
TG 24.5 30.75 36.25

Note: P0: Control, P1: Moringa fruit powder, P2: Moringa leaf powder
Numbers followed by different letters toward the rows indicate significant
differences.

High-Density Lipoprotein (HDL)

High-Density Lipoprotein (HDL), considered beneficial
and harmless, carried lower cholesterol contents compared to
Low-Density Lipoprotein (LDL). HDL was referred to as good
cholesterol because it could extract surplus bad cholesterol
from the arteries before being transported to the liver. It
prevented cholesterol buildup in the arteries, safeguarding
blood vessels from atherosclerosis, which was plaque
formation on the vessel walls. Cholesterol synthesized by the
liver was transported through LDL to various body cells,
including those in the heart, brain, and others. Excessive
cholesterol was then transported back to the liver by HDL,
where it was metabolized and eliminated through bile acid.
LDL, containing more fat, tended to float in the bloodstream,
and the main protein that formed HDL was Apo-A
(apolipoprotein).

The metabolism of HDL cholesterol started with the
liberation of small particles carrying apolipoprotein (apo) A,
C, and E, termed nascent HDL. Originating from the small
intestine and liver, nascent HDL had a flattened structure and
contained apolipoprotein Al. It interacted with macrophages
to absorb stored cholesterol before being transitioned into
mature spherical HDL. To facilitate the uptake of free
cholesterol from macrophages, nascent HDL must be
transported to the cell membrane surface with the assistance of
a transporter called adenosine triphosphate-binding cassette
transporter-1 or ABC-1 [42]. Following cholesterol absorption
from macrophages, it was esterified into cholesterol esters by
the enzyme LCAT. Consequently, some cholesterol esters
carried by HDL would follow two pathways. The first was
centered toward the liver, intercepted by the SR-B1 receptor,
and the second from Very Low-Density Lipoprotein (VLDL)
and LDL with the aid of CETP. HDL functioned as a provider
through both direct and indirect VLDL and LDL to return
cholesterol to the liver [43, 44].

The ANOVA results showed that the addition of moringa
fruit and leaf powder into concentrate significantly affected



(P<0.01) the HDL levels in the blood of female Kacang goats.
Additionally, the HSD post-hoc test indicated significant
differences between PO and both P1 and P2, as well as P1 and
P2. High HDL levels are important because they function as
antioxidants and anticoagulants which can prevent various
diseases in the livestock's body [45].

Low-Density Lipoprotein (LDL)

Cholesterol was a vital nutrient similar to other nutrients
such as carbohydrates, proteins, vitamins, and minerals. It was
naturally present in various foods, comprising beef, pork,
goats, chicken, fish, poultry, and eggs, being an inherent
component of animal cells. However, excessive consumption
of fats could increase blood pressure, particularly LDL,
leading to the accumulation of cholesterol in the body. This
accumulation might result in the formation of plaque,
potentially causing blockages in blood vessels, known as
atherosclerosis. Atherosclerosis diminished the elasticity of
blood vessels, disrupted blood flow, and could trigger an
increase in blood volume and pressure, thereby contributing to
hypertension [46].

The ANOVA results showed that the addition of moringa
fruit and leaf powder in concentrate significantly affected
(P<0.01) LDL levels in the bloodstream of female Kacang
goats, this is very beneficial because LDL is often called bad
fat so its content must be lower than HDL. Moreover, the HSD
post-hoc test indicated a significant difference between PO and
both P1 and P2, while there was no significant difference
between P1 and P2.

Triglyceride (TG)

Triglyceride (TG) constituted a type of fat that circulated in
the blood and various organs [47]. Being an organic compound
insoluble in water, fat was soluble in nonpolar organic
solutions and was used by the body for metabolic processes. It
had several types, including cholesterol, HDL, LDL, VLDL,
and TG [48].

TG was composed of glycerol alcohol and three fatty acid
molecules, including saturated, monounsaturated, and
polyunsaturated fats [49]. It primarily served as an energy
source in metabolic processes, with a small portion used to
form cell membranes throughout the body. In the bloodstream,
TG formed complexes with specific proteins called
apoproteins, thereby forming lipoproteins, which became its
transportation mode [18]. TG was derived from dietary
sources and synthesized in the liver, where it was stored as fat
under the skin and in other organs. Elevated TG levels result
from excess calorie intake relative to energy expenditure,
thereby becoming a significant energy source for bodily
functions [50, 51].

Based on the ANOVA results (Table 4), the addition of
moringa fruit and leaf powder into concentrate significantly
affected (P<0.01) the HDL levels in the blood of female
Kacang goats. The HSD post-hoc test showed significant
differences between PO and P1, as well as PO and P2, but not
between P1 and P2.

Carcass

Carcass, the main expected outcome of livestock butchering,
held substantial economic value. It comprised meat, bones, fat,
and connective tissue, with consumer preference leaning
toward a higher proportion of meat, lower bone contents, and
optimal fat levels. The fresh carcass, which represented the hot
carcass weight, was obtained after removing internal organs
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such as the liver, spleen, heart, lungs, trachea, digestive tract,
gallbladder, and pancreas excluding the kidneys, with mean
carcass weight according to Table 5. The weight was
calculated by subtracting the weight of blood, head, legs, skin,
internal body organs (except kidneys), and reproductive
organs from the fasting body weight [52].

Table 5. Mean carcass weight and carcass percentage of
female Kacang goats during the research

Treatment
Group PO P1 P2
Weight %  Weight % Weight %
1 5.19 43.86 728  48.00 8.49 48.13
2 5.52 4423 739  47.62 8.76 48.32
3 5.62 4348 742 47.54 9.0 48.82
4 5.75 4376 749  46.94 9.36 48.84

Note: Numbers followed by the same letter toward the rows indicate
significant and highly significant differences.

Carcass Weight

The ANOVA results showed a significant effect of adding
moringa leaf and fruit powder on carcass weight (P<0.05).
Post-hoc testing further indicated that there were significant
differences between treatment groups PO, P1, and P2. This
trend suggested that with each increase in cut weight, there
was a corresponding increase in carcass weight, indicating
development in body parts or carcass structures [53]. Energy,
primarily supplied by feed ingredients, played a crucial role in
supporting livestock growth, with ruminants particularly
reliant on feeds high in crude fiber [54].

Carcass Percentage of Female Kacang Goats

The ANOVA results showed a significant impact of adding
moringa leaf and fruit powder on carcass percentage (P<0.05).
Post-hoc tests confirmed significant differences between
treatments PO, P1, and P2. The results showed a higher carcass
percentage for female Kacang goats compared to previous
reviews by Olawuwo et al. [55] and Jiwuba et al. [56], which
reported percentages of 38.47% and 37.50%, respectively.
Suggested that carcass percentages for goats or sheep in
tropical climates typically ranged between 40-50% [57].

Several factors influenced the carcass percentage of female
Kacang goats, including cut weight, carcass weight, body
confirmation, cutting method, and fatness level. Additionally,
fat livestock tended to have a higher carcass percentage [58],
while a larger live weight correlated with an increased
percentage [59, 60]. Carcass percentage was also influenced
by factors such as carcass weight, livestock weight, condition,
breed, proportion of non-carcass parts, and diet [61, 62].
Factors determining the value of slaughtered livestock
included carcass weight percentage, proportion of high-value
carcass parts and cuts, meat-to-bone ratio, fat distribution, and
meat quality. Consumers typically prefer carcass or cut with a
high proportion of lean meat, low bone content, and optimal
fat content.

4. CONCLUSIONS

In conclusion, feeding with the addition of 20% moringa
fruit and leaf powder in concentrate offered a high protein
contribution, thereby accelerating livestock weight gain.
Additionally, the inclusion of fruit powder in concentrate
significantly affected HDL levels in the blood of female



Kacang goats (p<0.01).

Each increase in cut weight correlated with a subsequent
rise in carcass weight, indicating a direct relationship between
increased cut weight and the development of body parts or
carcass. The carcass percentage of female Kacang goats was
influenced by factors such as cut weight, carcass weight, body
confirmation, cutting method, and fatness level. Moreover, the
addition of moringa fruit and leaf powder significantly
affected various aspects including weight gain, dry matter
intake, feed efficiency, leukocyte, erythrocyte, hemoglobin,
hematocrit, HDL, LDL, TG levels, carcass weight, and carcass
percentage in female Kacang goats.

These findings confirm that the provision of moringa fruit
and moringa leaf powder in concentrate form has made an
important contribution to increasing protein thereby
accelerating weight gain in Kacang goats. Therefore, it is
important to develop moringa as a source of animal feed in
order to move towards sustainable agriculture.
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