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ABSTRACT 
 

The availability of feed in the tropics generally depends on the season, low quality, and unstable continuity.  One way 

to overcome the problem, use alternative feed ingredients that can come from forages, such as Jackfruit leaves 

(Artocarpus heterophyllus) and moringa leaves (Moringa oleifera).  The main objective of this research is to develop 

the preparation of rations with optimal levels of utilization of jackfruit leaves (JAL) and moringa leaves (MOL) on 

metabolic responses and meat quality.  The study used a Latin square design with four treatments and four 

replications; this research used goats aged about 8-10 months with a weight ranging from 10 to 15kg, four goats.  

Treatments were arranged as follows A (40% JAL+field grass 60%), B (Concentrate 40%+JAL 7.5%+MOL 

7.5%+field grass 45%), C (Concentrate 40%+JAL 10%+MOL 10%+field grass 40%), and D (JAL 15%+MOL 

15%+field grass 70%).  The use of JAL and MOL in the diet from treatment D increased body weight gain, ration 

efficiency, metabolic responses from blood, lower cholesterol, and improved meat quality.  Body weight gain 

(79.29%) and feed efficiency (18.22%) were significantly (P<0.05) higher in treatment D and significantly (P<0.05) 

lower triglycerides (19.80mg/dL), creatinine (0.62mg/dL), and cholesterol (63.20mg/dL) with the treatment D. With 

treatment D, cooking losses, pH, total meat proteins, meat cholesterol and meat tenderness were 33.54%, 6.71, 6.92%, 

68.61%, 140.90mg/dL, and 3.04kg/cm2, respectively.  This study concluded that special feeding of JAL 15% forage 

with 15% MOL mixed with 70% field grass gave the best results, cheap and easy to obtain, lower cholesterol with 

cost-effective feed that was useful for the community/farmer in South Tapanuli.  
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INTRODUCTION 

 

The pandemic Covid-19 caused by the coronavirus 

has been spreading since 2019 in the world.  Covid-19 

spreads very fast (WHO 2020).  The government has 

designated Covid-19 as a non-natural disaster.  In 

Indonesia, the implementation of Social Restrictions 

Large-Scale in the long term led to a food crisis and 

potentially triggered household social and economic 

conflicts (Nina et al. 2021).  Fluctuation in the 

community's economy has decreased due to the COVID-

19 pandemic, which has resulted in the inability to cope 

with their own territorial needs (Agung 2020).  Rising 

prices affect people's understanding of the importance of 

nutritious food, especially meat consumption.  This 

consumption decreased by 2.6% from March 2020, further 

decreasing in March 2021 to 0.039kg/capita/month in 

Indonesia.  Livestock, particularly small ruminants, 

production in the industrialized world, and increasingly in 

developing countries, is characterized by its intensive 

nature.  Initially driven by post-pandemic government 

policies to increase production and lower costs, 

consumers now demand cheap food (Karen et al. 2022).  

The contribution of the livestock business is directly or 

indirectly affected by the pandemic, thereby reducing the 

potential for income and adequate profits of farmers, 

resulting in the provision of quality feed ingredients that 

cannot be available as in the past and the impact on 

livestock growth is slow (Olaniyi and Evas 2020). 
Indonesia, especially in South Tapanuli, actually has 

many potential natural food sources that grow wild or 

intentionally planted but are not utilized optimally by
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farmers to spur the growth of their livestock, especially in 

the dry season, which is a period when conventional 

forage types are difficult to obtain (Kongmanila and Ledin 

2009).  There are several types of leaves in question, e.g., 

jackfruit (Artocarpus heterophyllus), kelor (Moringa 

oleifera), and avocado (Ravindran 2016).  JAL and MOL 

have the advantage of protein contents, essential amino 

acids, vitamins, and minerals needed by the livestock 

body (Makkar and Becker 1996).  Based on the research 

that has been done, the results obtained from MOL and 

JAL, each level of 2.5% tannin in vitro rations, have crude 

protein digestibility of 84.01% (Goel et al. 2008).  

Additionally, JAL and MOL positively affected microbial 

protein synthesis and decreased methane gas.  However, it 

was still not optimal in the level of in vivo administration 

of JAL and MOL on metabolic responses and production 

performance (Afid 2016).  Giving a combination of 

rations added with JAL and MOL to livestock is a 

benchmark for assessing the palatability of feed 

ingredients that is one of the potential feed ingredients for 

ruminants because it has a high carbohydrate and protein 

source.  JAL and MOL have nitrogen-free extract contents 

of 20 and 32.83% and crude protein of 12.52 and 26.43%, 

respectively (Nisa et al. 2017).  Whether the feed 

ingredients are palatable can be checked at the feed 

consumption level (Suwignyo et al. 2016). 

Consumption of rations affects the digestibility of 

food substances, the quality of the meat produced, body 

weight gain, and ration efficiency value that aims to gain 

profit.  During the current project, whether the use of JAL 

and MOL in ruminants can stimulate metabolic responses 

and aspects of meat quality with optimal levels or not has 

been addressed. 

 
MATERIALS AND METHODS 

 

Animals  

The four goats of about 8-10 months, having a weight 

range of 10-15kg, were used. Wooden cages (100x130cm) 

were used, which were further divided into two, a place to 

eat, a place to drink, a means of collecting feces and urine, 

and scales for weighing. 

 

Treatment 

The study used a Latin square design with four 

treatments and four replications.  The analyses performed 

were metabolic responses and aspects of meat quality.  

The treatments are: Treatment A=40% JAL+field 

grass60%; Treatment B=Concentrate 40%+JAL 7.5%+ 

MOL 7.5%+field grass 45%; Treatment C=Concentrate 

40%+JAL 10%+MOL 10%+field grass 40%, and 

Treatment D=JAL 15%+MOL 15%+field grass 70%. 

Collections carried out during in vivo analysis include 

a collection of leftover feed, feces, and urine.  Leftover 

feed was weighed to know the everyday feed consumption 

data.  In each period, initial and final body weight was 

recorded to determine body weight gain and ration 

consumption. 

 

Sampling and Parameters  

The termination parameters were weight gain, serum 

metabolite levels, biochemical blood levels, pH, cooking 

loss, water-holding capacity, cholesterol, and meat 

tenderness. 

 

Chemical Analysis  

Each sample (Table 1) was analyzed using proximate 

analysis to determine the dry matter, organic matter, crude 

protein, crude fiber, extract ether, and ash (AOAC 2005). 

 

Body Weight Gain and Feed Efficiency 

Body weight determination was carried out for one 

month by weighing the body weight of the livestock every 

week; body weight gain was calculated by reducing body 

weight before treatment with body weight after treatment: 

BWT= (Final weight – Initial weight) / Research duration 

(days). 

 
Weight Gain 

Feed efficiency = ---------------------------------------- x 100% 

Consumption of dry ingredients 

 

Metabolic Responses 

Blood samples were collected from the jugular vein at 

the end of the treatment period (end of the 8th week) and 

the end of the feed treatment period (end 12th week) 

before the animal acquired morning feed (7-8 am).  Serum 

was separated for blood biochemistry for the 

determination of cholesterol, triglycerides, total protein, 

glucose, creatinine, albumin, globulin, sodium (Na), 

potassium (K), chloride (Cl), and calcium (Ca) using 

Microlab 300 at a wavelength of 505nm. 

 

Meat quality  

Variables measured were pH value, tenderness, 

shrinkage value of cooking loss of meat, total proteins, fat 

and cholesterol contents, and the water-holding capacity 

of meat.  The degree's acidity or pH of fresh meat was 

determined by using a pH meter.  Took 25g of meat 

sample, crushed, and diluted with 25 mL distilled water. 

Then the pH measurement was carried out after 

calibrating with buffer solution to standard 7.  The meat 

sample (20g)  was  placed  in  a  polypropylene plastic bag 

 
Table 1: Feed ingredient and nutrient (% dry matter) 

Ingredient (% dry matter) 
Treatment 

A B C D 

Concentrate 40 40 40 0 

Jackfruit leaves 0 7.5 10 15 

Moringa leaves 0 7.5 10 15 

Field grass 60 45 40 70 

Total 100 100 100 100 

Nutrient (%)* 

Dry Matter 42.69 46.08 45.90 45.99 

Organic Matter 92.96 92.88 92.58 92.73 

Crude Protein 12.62 12.86 13.68 13.27 

Crude Fiber 25.20 24.60 24.15 24.37 

Extract Enter 4.08 4.12 4.22 4.17 

Extract Enter Non-Nitrogen 51.06 51.30 50.53 50.92 

Total Digestible Nutrient 62.27 63.15 63.21 63.18 

*Data is provided from the total calculation results of the 

chemical composition of research ration materials with the 

arrangement of in vitro treatment rations.  A: 40% JAL+60% 

Field Grass, B: Concentrate 40%+JAL 7.5%+MOL 7.5%+Field 

Grass 45%, C: Concentrate 40%+JAL 10%+MOL 10%+Field 

Grass 40%, D: JAL 15%+MOL 15%+ Field Grass 70%. 
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(0.5mm) and cooked in bath water for one hour at 80°C.  

At cooking, the meat was cooled in tap water for 30min, 

the meat was removed from the bag, and the liquid was 

wiped, dried with tissue paper, and weighed to measure 

weight lost during cooking. 

Cholesterol levels were analyzed according to the 

"Liebermann-Burchard” test.  In this test, cholesterol 

esters react with acetic anhydride and concentrated 

sulfuric acid to form a green color.  A slice of mashed 

meat (0.5g) was stirred with alcohol ether (10mL) until 

homogeneous (0.5h), then centrifuged at 3000rpm for 

10min; the supernatant was heated until the water was 

dried.  The extract was dissolved in chloroform and added 

acetic anhydride (2mL) and concentrated sulfuric acid 

(0.1mL) and the solution was homogenized and stored 

(15min), then spectrophotometer readings were carried 

out at 420nm. 

 

Statistical analysis 

All data were subjected to analyses of variance of 

completely randomized design using SPSS software 

version 25.0 (SPSS 2017).  IBM SPSS Statistics for 

Windows, version 21.0.  Armonk, NY: IBM Corp.  The 

results were presented as the mean values and standard 

error of the means.  Differences between treatment mean 

were determined by Duncan's multiple range test.  The 

significance level was at P<0.05 (Harsojuwono et al. 

2021). 

 

RESULTS 

 

Effect of Treatment on Body Weight Gain and Ration 

Efficiency 

Daily body weight gain with the treatment of JAL 

and MOL was between 70.36-79.29%.  Daily body weight 

gain was significant (P<0.05), the highest in treatment D 

(79.29%), and the lowest in treatment A (70.36%).  

Furthermore, the efficiency of the ration was significant 

(P<0.05), the highest in treatment D (18.22%), while the 

lowest was in treatment B at 15.34% (Table 2).  

 

Utilization of Jackfruit and Moringa Leaves on 

Metabolic Responses 

The JAL and MOL as additional feed were given to 

determine the concentration of metabolite and blood 

biochemical responses in goats.  The results showed goats' 

average serum metabolic levels (Table 3) and biochemical 

blood levels (Table 4). 

The average blood glucose levels (12.93mg/dL) were 

found in goats using JAL and MOL.  The glucose levels 

were lower in treatment D (1.2mg/dL) than in treatment A 

(without JAL and MOL) (Table 3).  The creatinine levels 

associated with increased body weight in goats have 

increased fat and protein compaction.  The lowest 

creatinine levels were present in treatment D (0.62mg/dL) 

compared to treatment A (1.19mg/dL).  Furthermore, the 

total proteins in goats were relatively normal, with an 

average of 6.76g/dL.  The cholesterol levels varied 

significantly (P<0.05) between 63.20 mg/dL (treatment D) 

to 76.40mg/dL (treatment A).  Feeding of JAL and MOL 

did not affect albumin, globulin (Table 3), calcium, 

potassium, sodium, and chloride (Table 4).  

 

Aspects of The Quality Meat  

The results on the average quality parameters of 

meat, such as water contents, cooking losses, pH, meat 

tenderness and protein, fat, and cholesterol contents, have 

been shown in Table 5. 

 
Table 2: The effect of using JAL and MOL on body weight gain 

and ration efficiency in goats 

Parameters 
Treatment 

SE 
A B C D 

ABWT 

(g/head/day) 

70.36

a 

69.64

c 

74.82

d 

79.29

d 

1.2

7 

Feed Efficiency 

(%) 

15.42

a 

15.34

a 

18.03

b 

18.22

d 

0.4

7 

Values (Mean+SE) with different alphabets in the same row are 

significantly (P<0.05) different. ABWT: Average Body Weight 

Gain. 

 
Table 3: Effect of utilization of JAL and MOL on metabolic 

responses in goats 

Parameters Units Levels of treatment in serum SE 

A B C D 

Cholesterol mg/dL 73.30 76.40 75.50 63.20 1.25 

Triglyceride

s 

mg/dL 21.50 26.10 23.00 19.80 2.38 

Glucose mg/dL 24.90 13.10 12.50 1.20 1.80 

Creatinine mg/dL 1.19 0.70 0.68 0.62 0.45 

Total 

Proteins  

g/dL 6.08 7.29 6.65 7.03 1.30 

Albumin g/dL 3.60 3.84 3.58 4.25 0.98 

Globulin g/dL 2.42 3.45 3.07 2.78 0.86 

Values (Mean+SE) with different alphabets in the same row are 

significantly (P<0.05) different.  

 
Table 4: Effect of utilization of JAL and MOL on biochemical 

parameters in goats 

Parameters Units 
Levels of treatment in serum 

SE 
A B C D 

Calcium mg/dL 1.65 1.34 1.52 1.41 0.61 

Potassium mg/dL 0.23 0.27 0.21 0.22 0.24 

Sodium mg/dL 1.28 1.37 1.29 1.45 0.58 

Chloride mg/dL 3.28 3.51 3.62 3.22 0.92 

Values (Mean+SE) with different alphabets in the same row are 

significantly (P<0.05) different. 

 
Table 5: The effect of the use of JAL and MOL on the quality aspect of meat 

Parameters Units 
Treatments 

SE 
A B C D 

Cooking Losses % 35.26b 33.82b 34.17b 33.54c 0.89 

pH  5.62a 5.97a 6.23c 6.71a 0.23 

Fat Contents % 8.67a 8.45a 7.12b 6.92c 0.39 

Proteins Contents % 56.23b 66.92a 67.36b 68.61b 0.24 

Water Holding Capacity  % 79.67a 79.23a 78.31b 77.60c 0.44 

Total Cholesterol  mg/Dl 145.92b 144.34a 141.27a 140.90a 0.98 

Meat Tenderness kg/cm2 4.35a 4.21b 3.19b 3.04a 0.96 

Values (Mean+SE) with different alphabets in the same row are significantly (P<0.05) different. 
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Table 5 shows that JAL and MOL treatment 

significantly (P<0.05) on cooking losses as being 

minimum in treatment D (33.54%).  The average pH value 

of meat was 6.13.  The fat contents of goat meat with the 

ration were significantly (P<0.05) different between 

treatment A (control) of 8.67% and treatment D (6.92%). 

Furthermore, the highest protein contents in meat were 

present in treatment D (68.61%) compared to the control 

group (56.23%). The cholesterol levels showed significant 

(P<0.05) the lowest values with treatment D (140.90 

mg/dL), while the highest were in treatment A 

(145.92mg/dL). The tenderness of the meat showed 

significant (P<0.05) the lowest values with treatment D 

(3.04kg/cm2) while the highest yield with treatment A 

(4.35kg/cm2). 

 
DISCUSSION 

 

In the present study, results showed that the addition 

of JAL and MOL as functional feed has a significant 

(P<0.05) effect on average body weight and feed 

efficiency (Table 2). This could be due to the high body 

weight in the treatment D due to the high consumption 

and digestibility, and the low body weight in the treatment 

B with the utilization level of JAL and MOL of 7.5%, and 

the growth of body weight was not optimal, could be due 

to low palatability.  Compared to other treatments, besides 

that JAL and MOL have antinutritional substances in the 

form of tannins and saponins (Makkar and Becker 1996), 

so if animals consume continuously in large quantities, it 

can reduce the growth of the goats (Jayanegara et al. 

2015).  

It is suspected that the use of JAL and MOL causes 

competition for the use of nutrients for rumen microbial 

growth, so it is likely that some rumen microbes do not 

get enough nutrients for their growth.  This assumption is 

clarified by the increased temperature and humidity of the 

environment, which can cause a decrease in feed 

consumption, so the higher the temperature and humidity 

in a place tend to reduce livestock productivity (Bhatta et 

al. 2000). Slow body weight may be caused by the 

inefficient use of energy for growth because some energy 

is widely used to increase physiological body parameters 

(Dosom et al. 2018).  It has been stated that body weight 

is influenced by several factors, including the total 

proteins obtained every day, type of livestock, age, 

genetic conditions, environment, condition of each 

individual, and livestock health (Harmoko and Padang 

2019).  As a result, the fleshy muscles enlarge slowly, and 

the body's resistance decreases (Ana et al. 2018). 

Daily body weight gain in treatment D in the present 

study was considered significantly higher when compared 

with the control group that did not receive treatment of 

JAC and MOL.  This makes it clearer that the availability 

of nitrogen sources by microbes to build body cells and 

feed that reaches the abomasum and intestines can be 

maximally digested and absorbed to meet the basic needs 

of life and production (Ragni et al. 2014).  Based on the 

value of the efficiency of the study ration ranged from 

15.42 to 18.22%, it can be seen that the effect of the ration 

treatments was significantly (P<0.05) different from the 

use of jackfruit leaves and moringa leaves. Consumption 

of DM rations that are not matched by the daily body 

weight a ration will be more efficiently used if the ration 

is consumed in small quantities and can provide a large 

body weight (Suwignyo et al. 2016).  This verdict is also 

supported by results reported by Munir et al. (2015), who 

stated that feed conversion is the ratio of the amount of 

feed consumed (kg) and body weight (kg), because the 

smaller the feed conversion value, the more efficient the 

feed consumed. 

Furthermore, the study's results in Table 3 are based 

on the value of blood glucose levels obtained from feed 

carbohydrates, both in the form of crude fiber and 

nitrogen-free extract, which affected the increase in blood 

glucose (Agung et al. 2020).  Rumen bacteria digest crude 

fiber and nitrogen-free extract into volatile fatty acids 

(VFA) and simple sugars, eventually converting into liver 

blood glucose (Warly et al. 2017).  Propionic acid 

supplies the body's glucose needs as much as 30%.  The 

activity of the hormone insulin causes changes in levels to 

stabilize blood glucose levels by pushing blood glucose 

into the liver and muscle glycogen (Suwasono 2013).  

The results of creatinine levels were associated with 

increased body weight in goats in the current study, 

present in the form of increased fat and protein 

compaction.  This possibility was considered based on the 

tendency to decrease creatinine levels in goat blood.  In 

this study, the lowest result of treatment D was 0.62g/dL 

compared to treatment A was 1.19mg/dL.  Creatinine 

levels were still within normal limits, ranging from 0.9-

1.8mg/dL for goats (Wahjuni and Bijanti 2006).  It is 

suspected that blood is part of the extracellular fluid that 

takes oxygen from the lungs, nutrients from the 

gastrointestinal tract, and transports hormones from the 

endocrine glands.  These materials are transported 

throughout cells and tissues.  These materials will diffuse 

from the capillaries to the interstitial tissue, enter the cells, 

and then be used for all cell activities (Sticker et al. 1996).  

The creatine synthesis process uses essential amino acids 

as precursors of creatinine, namely arginine and glycine, 

and these essential amino acids are contained in jackfruit 

leaves and moringa leaves, so the influence of the amount 

of feed consumption also affects creatinine levels (Afid 

2016; Mickdam et al. 2022). 

Total proteins were 6.08-7.29g/dL with the treatments 

carried out in the present study with significant (P<0.05) 

difference between treatments. The difference in total 

protein concentration in this study may be related to the 

interval of additional feeding levels of JAL and MOL.  It 

contains antinutritional substances in jackfruit leaves and 

moringa leaves, namely tannins, which have two 

properties in animal feed.  Tannins have sound biological 

effects, which are positive or negative when consumed by 

livestock.  At the right concentration, protein protection 

by tannins alters a number of rumen degradable proteins 

(RDP) to rumen undegradable protein (RUP), which then 

increases metabolizable protein (MP), the protein that can 

be digested and absorbed in the intestine fine (Putri et al. 

2021).  This is one of the reasons an increase in total 

plasma protein by giving 15% JAL and 15% MOL is 

suspected to be appropriate supplementation to the 

amount of tannins available and can increase the total 

protein blood plasma (Anugrah et al. 2019). 

The concentration of cholesterol levels in this study 

had a significantly different effect (P<0.05) after receiving 
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additional feed treatment of JAL and MOL.  This is 

because it contains good natural antioxidants and various 

antioxidant compounds such as ascorbic acid, flavonoids, 

phenolics, and carotenoids, high concentrations of 

ascorbic acid, protein, and especially essential amino 

acids, especially methionine, cysteine, tryptophan.  The 

combination of jackfruit leaves with low levels of 

ammonia (NH3) with moringa leaves will potentially 

increase nutrient digestibility and control cholesterol 

levels in goat blood (Zvonko et al. 2020).  These results 

indicated that the goats did not have electrolyte balance 

disturbances (Na, K, and Cl) and body acid-base or 

protein catabolism.  This is different from the findings in 

wildebeest and deer, which showed a change/decrease in 

serum protein and electrolyte levels of potassium and 

blood acidity (pH) under conditions of lack/decrease in 

feed intake (Soppela et al. 2008).  

In this research about meat quality, the cooking loss 

value of meat varies between 1.5-54.5%.  pH, the length 

of the muscle fiber sarcomere, the length of the muscle 

fiber cut, the state of myofibril contraction, the size and 

weight of the meat samples, and the cross-section of the 

meat all affect the amount of cooking loss (Sriyani et al. 

2015).  pH value of meat average is 6.13.  In general, the 

ultimate pH range of fresh meat is 5.4-6.8 (Snezana et al. 

2014), indicating that the pH value of the goat meat that 

was slaughtered for each treatment was still normal in or 

ultimate range. 

The results showed that there was a significant 

difference (P<0.05) in the protein content of the meat, the 

highest result was found in treatment D at 68.61%, and 

the lowest was found in treatment A (control) at 56.23%.  

It is suspected that the provision of JAL and MOL in the 

ration affects the protein content of goat meat.  Jackfruit 

leaves and moringa leaves are potential feed ingredients 

for ruminants because they have a fairly high source of 

carbohydrates and protein, have a nitrogen-free extract 

content of 42.56%, and CP of 29.36% (Wahyono et al. 

2017). The addition of JAL and MOL has a positive effect 

on tannins, namely increasing the efficiency of the use of 

ration protein, faster livestock growth, the lower the 

protein content of the meat produced, the higher the fat 

content of goat meat (Purnami and Purbowati 2021). 

Furthermore, the results of goat meat cholesterol 

levels ranged from 140.90-145.92mg/dL.  The lowest 

treatment was found in treatment D, while the highest was 

in treatment A. This could be because, apart from giving 

different treatments, the level of ration consumption and 

age of goats can cause meat cholesterol levels to increase; 

with increasing age, the percentage of carcass fat will 

increase.  Fat consumed is the basic ingredient, although 

the cholesterol intake of feed varies. Cholesterol from 

feed can inhibit the formation of cholesterol in the body 

(Imam et al. 2013). 

The tenderness of the meat in all treatments showed 

significantly different values of 3.04-4.35kg/cm2.  The 

difference could be that the ration with the addition of 

JAL and MOL at different levels given to each goat 

contained nutrients to meet the additional basic life needs.  

Tenderness criteria based on trained panelists stated that 

very tender meat had a breaking power of WB (Warner 

Blatzler) <4.15kg/cm2, tender meat 4.15<5.86kg/cm2, 

slightly tender meat 5.86-<7.56kg/cm2, slightly tough 

meat 7.56-<9.27 kg/cm2, tough meat 9.2-<10.97kg/cm2, 

very tough meat 10.97kg/cm2. The results of the average 

tenderness of ruminant meat for all treatments showed a 

value of tenderness (±4.4) (Ana et al. 2018). 

 

Conclusion 

The addition of 15% each of JAL and MOL 

(treatment D) provides significantly (P<0.05) best results 

in terms of body weight gain (79.29%), feed efficiency 

(18.22%), metabolic responses, and blood biochemical 

parameters. This study concludes that it can improve the 

body proteins in the goat body tissues and thus can 

increase body weight and reduce meat cholesterol.  Even 

the metabolic responses are not disturbed in goat blood. 
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