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ABSTRACT

The objective of this study was to evaluate the effect of noni (Morinda citrifolia) leaf shoot meal 
(NLSM) supplementation in the ration on the performances of kampong chickens as well as lipid, 
malondialdehyde (MDA), and fatty acid contents of meats. Two hundred and forty kampong chickens 
of  4 weeks old were reared until 12 weeks old. The diet treatments were R0: 0% NLSM (control), 
R1: 0.5% NLSM, R2: 1% NLSM, R3: 1.5% NLSM, R4: 2% NLSM, and R5: 2.5% NLSM. A completely 
randomized design (CRD) was used with six treatments and four replications with ten kampong 
chickens per replicate. The data were analyzed using ANOVA and if there were significant different, 
the data were further analyzed using Duncan’s Multiple Range Test. The variables measured were 
performances of kampong chickens as well as lipid, MDA, and fatty acid contents of meat. The result 
showed that cholesterol and LDL contents of meat were significantly reduced by feeding NLSM. 
Performance and  HDL contents of meat were not significantly different for all diet treatments. In 
addition, feeding kampong chickens with ration supplemented with NLSM could reduce MDA, 
saturated fatty acids and increase unsaturated fatty acids contents of meat. It is concluded that 2.5% 
NLSM  can be used to improve meat quality of kampong chicken as functional meat.
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INTRODUCTION 
	  
Increased public awareness of healthy living 

makes people choose foods having good nutritional 
compositions and physiological functions for the body. 
Kampong chicken meat is one of the products that is 
recognized to have those criteria. This condition makes 
the chicken farms have a great opportunity in Indonesia 
to produce good and healthy food. Another reason for 
the cultivation of kampong chicken is its resistance to 
several diseases and high selling price. In contrast, some 
of these advantages are not followed by high productiv-
ity because the growth rates of kampong chickens are 
lower than those of broiler chickens. It takes longer time 
for kampong chickens to achieve the same bodyweight 
as broiler. Some of the causes are genetic, maintenance, 
feed, and health factors. There was a new breed of 
kampong chicken in the market known as Superior 
Kampong (KUB) for egg production, even though it has 
also been utilized for meat production. The growth of 
KUB chicken for meat was more than one kg at the age 

of 10 to 12 weeks. This bodyweight can be obtained by 
using a balanced diet of protein and energy by paying 
attention to the growth phase of the chicken. 

However, some people still consider that consum-
ing meat can increase the risk of cardiovascular disease. 
This consideration is related to the facts that saturated 
fatty acids in meat can increase the concentrations of 
low-density lipoprotein (LDL) cholesterol (Hoenselaar, 
2012). This fact makes a great challenge for the free-
range chicken farms to produce functional meat needed 
by the community. Cholesterol level in poultry meat is 
one of the most essential qualitative characteristics for 
consumers and its concentration can be modified ef-
ficiently through feed formulation (Dhama et al., 2015). 
One of solutions that have been found by the research-
ers is to use herbs in the feed mixture. Noni (Morinda 
citrifolia) is one of the herbal plants used in animal feed. 
Based on the phytochemical analysis, noni leaf shoots 
contain active ingredients of flavonoids, phenol hydro-
quinone, steroids, triterpenoids, tannins, and saponins. 
Flavonoids, tannins, and saponins have the potential as 
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Ingredients
Treatments

R0 R1 R2 R3 R4 R5
Yellow corn (%) 56.00 56.00 56.00 56.00 56.00 56.00
Rice bran (%) 17.25 17.00 16.75 16.50 16.00 15.75
Soybean meal (%) 17.00 16.50 16.00 15.50 15.00 14.5
Meat bone meal (%) 5.00 5.25 5.50 5.75 6.25 6.5
Noni leaf shoot meal (%) 0.50 1.00 1.50 2.00 2.50
Oil (%) 1.30 1.30 1.30 1.30 1.30 1.30
DCP (%) 1.17 1.17 1.17 1.26 1.26 1.26
CaCO3 (%) 1.10 1.10 1.10 1.00 1.00 1.00
NaCl (%) 0.20 0.20 0.20 0.20 0.20 0.20
Premix (%) 0.50 0.50 0.50 0.50 0.50 0.50
L-Lysine (%) 0.35 0.35 0.35 0.35 0.35 0.35
DL-Methionine (%) 0.13 0.13 0.13 0.14 0.14 0.14
Calculated nutrient content:

ME (kcal kg-1) 2838.25 2839.50 2840.75 2842.01 2844.76 2846.01
Crude protein (%) 17.66 17.62 17.57 17.53 17.58 17.53
Fiber (%) 4.95 5.01 5.08 5.14 5.22 5.28
Fat (%) 4.11 4.12 4.13 4.14 4.13 4.14
Lysine (%) 1.23 1.23 1.22 1.22 1.22 1.21
Methionine (%) 0.45 0.45 0.45 0.45 0.45 0.45
Cystine (%) 0.25 0.24 0.24 0.24 0.24 0.23
Methionine + Cystine (%) 0.70 0.69 0.68 0.69 0.69 0.68
Calcium (%) 1.13 1.77 1.78 1.78 1.80 1.81
Phosphor (%) 0.49 0.49 0.49 0.51 0.50 0.50

Note:	*Per kg vitamin premix contains: Vitamin A (10.000.000 IU), Vitamin D3 (2.000.000 IU), Vitamin E (20.000 IU), Vitamin K3 (750mg), Vitamin B1 
(500mg), Vitamin B2 (3.500mg), Vitamin B6 (3.000mg) Vitamin B12 (12mg), Niacin (25.000mg), Pantothenic Acid (10.000mg), Folic Acid (500mg), 
Biotin (50mg), Antioxidant (25.000 mg), Carrier (+mg). 

	 R0= control ration; R1= 0.5% NLSM in ration; R2= 1% NLSM in ration;  R3= 1.5% NLSM in ration; R4= 2% NLSM in ration, and R5= 2.5% NLSM 
in ration.

Table 1. Composition of the experimental diets and calculated nutrient contents

sources of natural antioxidants. Ferretti (2010) reports 
that dietary consumption of fruits and vegetables is as-
sociated with a lower incidence of degenerative diseases 
such as cardiovascular disease and certain types of can-
cers because bioactive phenolic compounds contained in 
fruits and vegetables have been thought to contribute to 
the protective role. Phenolic compounds are recognized 
as a class of antioxidant agents which act as free radi-
cal terminators (Doss et al., 2010).  Natural antioxidants 
can be obtained from plant extracts and fruits that can 
improve meat shelf-life and quality, mainly by retard-
ing lipid oxidation and microbial growth (Velasco & 
Williams, 2011; Phan-Thi & Wache, 2014). Besides, xan-
tophyll and β-carotene  are the sources of antioxidant 
that can increase the yolk pigmentation and improve 
the health of chicken (Lee et al, 2010). Beta carotene 
serves to protect cell damage, enhance immunity, and 
as a precursor of vitamin A (Phan-Thi et al., 2016). Some 
research on the use of noni leaves has been done in 
broilers. However, research using noni leaf shoots on 
KUB chicken as a source of antioxidants has never been 
conducted.  

The purpose of this study was to evaluate the effect 
of noni (Morinda citrifolia) leaf shoot meal (NLSM) on 
the performances of kampong chickens, as well as lipid, 
malondialdehyde (MDA), and fatty acid contents of 
meat. 

MATERIALS AND METHODS

Noni Powder Preparation
	
The noni leaf shoots having 3-4 young leaves were 

picked. Then the selected noni leaf shoots were thinly 
sliced and aerated for one day. After air drying, the ma-
terials were dried in the oven for one day at 55oC. The 
dried noni leaf shoots were ground to powder. 

Animal and Diets

The experiment was conducted in a completely 
randomized design (CRD) with six treatments and 
four replications with ten kampong chickens in each 
replicate. The chickens were placed in cages of 1.5 x 1.5 
m in size. Two hundred and forty kampong chickens of 
four weeks old were reared until twelve weeks old. The 
diet treatments were R0: 0%  NLSM (control), R1: 0.5% 
NLSM, R2: 1% NLSM, R3: 1.5% NLSM, R4: 2% NLSM, 
and R5: 2.5% NLSM. The feed components were rice 
bran, corn, meat-bone meal, soybean meal, noni leaf 
shoot meal, oil, CaCO3, premix, DCP, NaCl, Lysine, and 
DL-methionine. The diets were formulated isocalori and 
isoprotein with 17% protein and 2800 kcal kg-1 according 
to the recommendation of Leeson & Summers (2008). 
The detailed diets compositions are presented in Table 
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1. During the experiment, feed and water were provided 
ad libitum. The parameters measured were performances 
(feed consumption, body weight gain, and feed conver-
sion), and meat quality components (lipid,  malondial-
dehyde (MDA), and fatty acid contents). At the end of 
the study, 48 kampong chickens were slaughtered by 
cutting their jugular veins. Meats from right thigh parts 
were isolated and mashed to analyze its cholesterol, 
MDA, and fatty acid contents. Meat cholesterol contents 
were measured according to Liebermann-Burchard 
method by using spectrophotometer (Burke. et al., 1974). 
Meat fat contents were measured according the Direct 
Extraction Method (National Standardization Agency 
of Indonesia, 1992). Malondialdehyde concentrations 
were measured based on the method of Rice-Evans et al. 
(1991).  Meat fatty acid contents were measured by us-
ing the methylation method (AOAC, 1984).

Laboratory Analysis

Total meat cholesterol. Total meat cholesterol in the 
samples was measured based on the method of Burke 
et al. (1974). To determine total meat cholesterol levels, 
fine-dry meat samples were analyzed using the CHOD-
PAP method, which used enzymatic colorimeter kits 
for cholesterol with lipid clearing factors (LCF). The 
reagents used were phosphate buffer (pH 6.5), 4-amino-
phenazone, phenol, peroxidase, cholesterolesterase, cho-
lesteroloxidase, and sodium azide as well as cholesterol 
as a standard. Preparation of samples was carried out 
by weighing as much as 1 g of meat. The meat sample 
was put into a tube and added with 5 mL of diethyl 
ether (extraction I). The mixture was stirred and left ± 30 
minutes in the freezer (-20° C). The solution was poured 
into the tube (extraction I). The precipitate was extracted 
by adding 5 mL of diethyl ether then stirred and put in 
the freezer (-20° C) for 30 minutes (extraction II). The 
results of extraction I were combined with the results of 
extraction II and the mixed extract was left for 48 hours. 
The extracted results were added with 1 mL of phos-
phate saline buffer (PBS) and centrifuged at 2500 rpm 
for 10 minutes. The supernatant was transferred to a 
spectrophotometer tube. The absorbance readings were 
conducted at the wavelength of λ nm with a standard 
concentration of 200 mg dL-1. Cholesterol concentrations 
were calculated by using the following formula:
Cholesterol (mg dL-1)= 200 x (Fresh weight of sample/               

Fresh weight of standard)

Meat HDL cholesterol. The preparation of samples was 
carried out by weighing as much as 1 g of meat. The 
meat sample was put into a tube and added with 5 mL 
of diethyl ether (extraction I). The mixture was stirred 
and left ± 30 minutes in the freezer (-20° C). The solution 
was poured into the tube (extraction I). The precipitate 
was extracted by adding 5 mL of diethyl ether, then 
stirred and put in the freezer (-20° C) for 30 minutes 
(extraction II). The results of extraction I were combined 
with the results of extraction II and the mixed extract 
was left for 48 hours. The extracted results were added 
with 1 mL of phosphate saline buffer (PBS) and centri-
fuged at 2500 rpm for 10 minutes. Separate the super-

natant as much as 0.01 mg, then add 1 mL cholesterol 
reagent solution to the supernatant. The clear superna-
tant was separated and tested for HDL cholesterol levels 
using the CHOD-PAP method as in the measurement 
of total cholesterol. After that, the absorbance readings 
are carried out at a wavelength (λ) of 500 nm with a 
standard concentration of 200 mg dL-1. HDL cholesterol 
concentrations were calculated by using the following 
formula: 
HDL cholesterol (mg dL-1)= 200 x (Abs. of sample/Abs. 

of standard)

Meat LDL cholesterol. To determine LDL cholesterol 
levels, the total cholesterol, HDL cholesterol, and tri-
glyceride levels were calculated using the Friedwald 
formula:
LDL cholesterol= Total cholesterol – HDL cholesterol 

– (Triglyceride/5) 
						    

Meat fat. Meat fat content was measured using the 
Direct Extraction Method (National Standardization 
Agency of Indonesia,1992). Meat sample at the weight of 
1-2 gram was put in a piece of paper sleeve coated with 
cotton. The paper sleeve with the sample was plugged 
by cotton. The preparation was dried in an oven at a 
temperature of no more than 80°C for about one hour, 
and then it was inserted into a soxhlet device which had 
been linked to a fat pumpkin containing dried boiling 
stones and weight. The preparation was extracted with 
hexane or other fat solvents for approximately 6 hours. 

The hexane was refined and the fat extract was 
dried in the drying oven at 105°C. The fat extract was 
refrigerated and weighed. This drying was repeated un-
til a fixed weight was reached. Meat fat percentage was 
calculated by using the following formula:
%fat= [(sample weight (g) – fat weight before extraction 

(g)) / fat weight after extraction (g)] x 100%

Meat MDA. MDA concentration were measured 
using the method of Rice-Evans et al. (1991) with 
Thiobarbituric Acid Reactive Substances (TBARS). The 
analysis procedure was: chicken meat was made by dis-
solving 1 g of chicken meat that had been fixed into 2 
mL PBS acetate in an Eppendorf tube then centrifuged 
for 20 minutes at a speed of 10,000 rpm. MDA reagent 
was made by mixing 750 μL phosphoric acid with 50 μL 
TEP (Tetra Ethoxypropane) into a 13 mL polypropylene 
tube, then the mixture was shaken until homogeneous 
and added 250 µL TBA (Trichlorobarbituric acid). A 
total of 450 μL of distilled water was then added to the 
mixture. The mixture was taken as much as 2 mL and 
then mixed into the sample. The sample was incubated 
at 80 oC for 1 hour and cooled, then centrifuged at a 
speed of 3,000 rpm for 5 minutes to take the superna-
tant. The supernatant was then measured for 7 absor-
bances with a spectrophotometer at the maximum wave 
length (max λ = 532 nm).

Meat fatty acids. Meat fatty acid was measured by 
using methylation method (AOAC,1984). Fine and 
homogeneous meat samples were weighed around 
20-30 mg and inserted into Teflon-covered tubes.  One 
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milliliter of 0.5 N NaOH was mixed in methanol and  
the mixture was heated in a water bath for 20 minutes 
(hydrolysis stage) then 2 mL of BF3 (baron trifluoride 
methanol) 16% was added as a catalyst and 5 mg/mL 
internal standard, then the mixture was reheated for 20 
minutes. After getting colder, 2 mL of saturated NaCl 
and 1 mL of hexane were added and the mixture was 
shaken well. The hexane layer was removed with the 
help of the dropper pipette into a tube containing 0.1 g 
of Na2SO4 anhydrous, and left for 15 minutes. The liquid 
phase was separated and injected into a gas chroma-
tography as much as 1 µL using the capillary column, 
cyanoprophil meth, 6 m column length, 0.25 mm inner 
diameter, 200°C injection temperature, 190°C initial col-
umn temperature, and 230°C final column temperature. 
For standard internal methods, the number of each com-
ponent in the sample was calculated using the following 
formula: 

Cx = (Ax x R x Cs) / As
                    

where: Cx is concentration of component x, Cs is inter-
nal standard concentration, Ax is peak area of compo-
nent x, As is the peak area of ​​the internal standard, and 
R is the detector response to component x is relative to 
the standard

Data Analysis

Data were analyzed using ANOVA and if there 
were significant differences, the data were analyzed 
further using Duncan’s Multiple Distance Test (Steel & 
Torrie, 1995). MDA concentration and fatty acids were 
analyzed using descriptive statistics.

RESULTS 

Performances of kampong chicken fed the experi-
mental diets are presented in Table 2.  Supplementation 
of  NLSM in the diet of kampong chicken did not signifi-
cantly affect feed consumption, body weight gain, feed 
conversion, and mortality.

The average effects of using NLSM in rations on 
the lipids contents of kampong-chicken meats during 
the study (4-12 weeks) are shown in Table 3. The results 
showed that the addition of 0.5%-2.5% NLSM in the ra-

tion significantly reduced (p<0.05) cholesterol and LDL 
contents of kampong-chicken meats. However, NLSM 
addition in the ration did not have a significant effect on 
HDL contents of kampong-chicken meats.

The average effects of using NLSM in the rations 
on the MDA contents of kampong-chicken meat during 
the study (ages 4-12 weeks) are shown in Table 4. As 
shown in Table 4, the MDA concentrations in the meats 
of kampong chickens decreased due to the presence of 
flavonoids and β-carotene having antioxidant activities.

The results in Table 5 showed that the compositions 
of unsaturated fatty acids in the meats of kampong 
chickens fed diet added with different doses of NLSM 
were higher compared to the compositions of saturated 
fatty acids. The decrease followed the decrease in satu-
rated fatty acids contents of kampong-chicken meat in 
the value of the fat contents. There were also other mi-
nors/trace compounds during this study.

DISCUSSION

Performances of Kampong Chicken

The averages feed consumptions during the 
experiment varied from 3231.45±3.38 g/chick (R0) to 
3242.30±12.82 g/chick (R4) with the weight gains ranges 
of 937.50±10.52 g/chick (R3) to 975.30±17.02 g/chick 
(R0), and feed conversions varied from 3.3±0.06 (R0) to 
3.46±0.38 (R3). These results were consistent with the 
results of the study by Wardiny et al. (2011) that the use 
of 1%-3% of noni leaf meal in broilers did not give a sig-

Table 3. 	Cholesterol, HDL, and LDL content of kampong-
chicken meat at 12 weeks of age (mg/100g)

Treatments
Component

Cholesterol HDL LDL
R0 90.91±24.86ᵇ 5.16±1.49 42.35±10.36c
R1 57.04±  7.42ᵃ 3.67±0.23 31.01±  5.97bc

R2 59.26±15.50ᵃ 3.72±0.59 25.17±  9.29ᵇ
R3 39.70±  2.42ᵃ 4.08±0.16 22.06±  0.55ab

R4 60.38±10.19ᵃ 3.91±0.20 22.45±  7.26ab

R5 54.69±  9.04ᵃ 4.39±0.59 11.49±10.99ᵃ
Note: 	Means in the same column with different superscripts differ sig-

nificantly (p<0.05) R0= control ration; R1= 0.5% NLSM in ration; 
R2= 1% NLSM in ration;  R3 = 1.5% NLSM in ration; R4= 2% NLSM 
in ration, and R5= 2.5% NLSM in ration.

Note: 	R0= control ration; R1= 0.5% NLSM in ration; R2= 1% NLSM in ra-
tion;  R3 = 1.5% NLSM in ration; R4= 2% NLSM in ration, and R5= 
2.5% NLSM in ration.

Treatments   MDA  (µg/g) Decreased MDA (%)
R0 1.84 -
R1 1.72   6.52
R2 1.76   4.35
R3 1.10 40.22
R4 1.20 34.78
R5 1.05 42.93

Table 4. MDA content of kampong-chicken meat at 12 weeks 
of ageTreatments

Variables
Feed 

consumption 
(g/chick)

Weight gain 
(g/chick)

Feed 
conversion

Mortality 
(%)

R0 3231.45±  3.38 975.30±17.02 3.31±0.06 0
R1 3234.10±  4.40 947.30±33.59 3.42±0.13 0
R2 3234.35±  6.04 979.30±44.40 3.31±0.15 0
R3 3239.50±  7.00 937.50±10.52 3.46±0.38 0
R4 3237.20±  6.62 947.70±77.41 3.44±0.28 0
R5 3242.30±12.82 944.40±48.24 3.44±0.18 0

Table 2. Performance of kampong chicken given noni leaf shoot 
meal (NLSM) at the age of 4 to 12 weeks

Note: 	R0= control ration; R1= 0.5% NLSM in ration; R2= 1% NLSM in ra-
tion;  R3 = 1.5% NLSM in ration; R4= 2% NLSM in ration, and R5= 
2.5% NLSM in ration.
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Table 5. Composition of fat, saturated fatty acids, and unsaturated fatty acids of kampong-chicken meat at 12 weeks of age

 Variables
Treatments

  R0  R1    R2     R3    R4   R5
Fat (%)  5.77  4.14   4.09    3.51   4.31   4.5
Saturated fatty acids (SFA) (%)

Lauric acid 0.05 0.05 0.03 0.04 0.06 0.06
Myristic acid 0.56 0.53 0.52 0.44 0.52 0.55
Pentadecanoic acid, 0.08 0.08 0.09 0.09 0.10 0.09
Palmitic acid 22.65 21.85 21.54 19.41 21.27 21.59
Heptadecanoic acid, 0.13 0.14 0.17 0.18 0.19 0.16
Stearic acid 5.49 5.8 6.61 5.59 5.91 5.41
Arachidic acid 0.10 0.13 0.14 0.13 0.14 0.12
Behenic acid 0.05 0.05 0.06 0.06 0.06 0.04
Lignoceric acid 0.03 0.04 0.03 0.04 0.03 0.03

Unsaturated fatty acid (UFA) (%)
Myristoleic acid 0.12 0.12 0.09 0.08 0.09 0.12
Palmitoleic acid 4.11 3.90 2.90 2.51 2.86 3.90
Heptadecanoic acid 0.08 0.08 0.08 0.08 0.09 0.08
Eicosenoic acid, 0.24 0.19 0.19 0.20 0.20 0.17
Nervonic acid 0.02 0.03 0.02 0.02 0.02 0.02
Eicosedienoic acid 0.18 0.18 0.19 0.17 0.18 0.18
Linolenic acid 0.55 0.54 0.63 0.52 0.67 0.67
Eicosapentaenoic acid, (EPA) 0.04 0.04 0.03 0.04 0.03 0.03
Docosahexaenoic acid, (DHA) 0.09 0.12 0.14 0.11 0.15 0.15
Linoleic acid 17.55 17.5 20.71 21.58 20.37 19.01
g-Linolenic acid 0.10 0.10 0.11 0.09 0.09 0.11
Eicosetrienoic acid, 0.14 0.15 0.15 0.12 0.15 0.14
Arachidonic acid, 0.72 0.99 1.03 0.89 0.99 1.00
Elaidic acid 0.17 0.22 0.17 0.15 0.17 0.17
Oleic acid 32.23 33.04 32.94 33.48 31.7 32.78

Rasio SFA: UFA 1:1.93 1:2.00 1:2.03 1:2.31 1:2.04 1:2.09
Note: 	R0= control ration; R1= 0.5% NLSM in ration; R2= 1% NLSM in ration;  R3 = 1.5% NLSM in ration; R4= 2% NLSM in ration, and R5= 2.5% NLSM 

in ration. There was also other minors/trace compounds during this study.

nificant effect on feed consumption. Also, Syahruddin et 
al. (2011) reported that the provision of fermented noni 
leaf flour at the levels of 3%-21% in broiler rations did 
not have a significant effect on performances of broilers. 
The body weight gains found in the present experiment 
were higher than those reported in 12-week crossbred 
kampung and Pelung-kampung chickens (923.57 g/
chick) and the ration conversion was not much different, 
i.e. 3.39 (Gunawan & Sartika, 2001).

This study found that the absence of differences 
in feed consumptions of kampong chicken was caused 
by the same palatabilities of all treatment rations. The 
chemical analysis showed that NLSM  contained 0.03% 
tannin and 0.26% saponin. The tannin content in the 
treatment rations during the study was 0.969 g in R1; 
0.970 g in R2; 0.972 g in R3; 0.971 g in R4; and 0.973 g 
in R5. The saponin contents of the experimental rations 
were 8.41g in R1; 8.41g in R2; 8.42 g in R3; 8.42 g in R4; 
and 8.43 g in R5. The tolerance limit of tannin content in 
chicken rations is 2.6 g/kg (Kumar et al., 2005). The con-
tents of tannins and saponins in the present study were 
very low, so the supplementation of NLSM in the ration 
did not affect palatability. The nonsignificant differences 
in feed consumption were also due to the similar com-

positions of the rations fed to the experimental chickens 
that eventually had relatively similar ration palat-
ability that did not affect the appetites of experimental 
chickens.

The body weights of kampong chickens during 
the study were ranged from 937.50-979.30 g/chick. This 
small range was presumably caused by the quality and 
quantity of rations consumed were similar. The use 
of NLSM in the ration did not affect the function of 
the body organs of kampong chickens that eventually 
developed and produced the same weight gains. The 
body-weight gains found in the present study were 
better than those reported in the performance of Pelung-
Kampung and Kampung-crossing chickens for 12 weeks 
(898.10 g/chick) (Gunawan & Sartika, 2001).

The feed conversion ratio of kampong chicken 
during the study was 3.31-3.46. There was no differ-
ence in the conversion of ration during the study. This 
result might be due to the similar feed consumption and 
body weight gain. These results were in line with those 
reported by Syahruddin et al. (2011).

Mortality is a crucial factor for the success of 
chicken farming. During the experiment, there was no 
mortality of experimental chickens observed in the pres-
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ent study. This result indicated that NLSM were safe 
to be use as an alternative feed ingredient in compiling 
especially chicken rations. This condition can be caused 
by the presences of tannins and saponins that can be 
eliminated by the drying process.

Lipid Contents of Kampong-Chicken Meat
 	  
Supplementation of 1.5% NLSM in the ration re-

duced meat cholesterol by 56.33% (90.91±24.86 mg/100g 
to 39.70±2.42 mg/100g). The present result was in ac-
cordance with the report of Syahruddin et al. (2011) that 
the use of 21% noni leaf meal significantly reduced meat 
cholesterol levels of broiler chickens as much as 56.96%. 
The decreased meat cholesterol caused by β-carotene 
was found in NLSM. Based on chemical analysis, the 
β-carotene content of NSLM was 180 mg/kg. β-carotene 
has an antioxidant activity that will gobble free radicals 
that lead to the increased activity of the lipoprotein-li-
pase enzyme. The lipoprotein-lipase enzyme is activated 
by the apoliprotein C that hydrolizes triglycerides into 
fatty acids and glyserol. The hydrolyzing of triglycer-
ides causes a decrease in the plasma triglyceride con-
centrations. The antioxidant activity of β-carotene also 
protects the omega-3 fatty acids. Omega-3 fatty acids 
comprising 60% long-chain fatty acids omega-3 (EPA 
and DHA) are susceptible to lipid oxidation  (Schreiber 
et al., 2013). 

 Amirshekari et al. (2016) state that the inhibition of 
the enzyme system involved in the synthesis of choles-
terol causes a decrease in cholesterol absorption in the 
intestine. The decreased plasma cholesterol causes a re-
duction in cholesterol concentrations in livestock prod-
ucts, both eggs and meat. The high content of β-carotene 
in feedstuffs consumed will lower the cholesterol con-
tents of chicken meats (Lee et al., 2010; Syahruddin et al., 
2011; Santi et al., 2015). Also, the presence of antioxidant 
activity can inhibit and prevent the occurrence of lipid 
peroxidation in the plasma that eventually reduces cho-
lesterol and inhibits cell damage (Laudadio et al., 2014; 
Karppi et al., 2013; Shahidi & Zhong, 2015).  The reduced 
levels of cholesterol resulted in the decreased transport 
of cholesterol to the tissues that eventually reduces the 
fat content of meat. 

MDA Content of Kampong-Chicken Meat

The use of noni (M. citrifolia) leaf shoot meal 
(NLSM) in the diet decreased malondialdehyde (MDA) 
concentration as compared with the control diet. MDA 
concentration reduced by 42.93% from 1.84 µg/g (R0) to 
1.05 µg/g (R5) with the presences of flavonoids, vitamin 
A, and β-carotene in noni (M. citrifolia) leaf shoot meal 
as natural antioxidants. The present result was in accor-
dance with the report of Palupi et al. (2014) and Santi et 
al. (2015) ) that feeding of I. zollingeriana top leaf meal in 
laying hens and broiler increased antioxidant contents 
of the egg and decreased MDA concentration of the 
meat. The increased egg antioxidant and decreased meat 
MDA concentration were caused by β-carotene content 
of I. zoolingeriana. β-carotene is a natural antioxidant 
having essential roles in reducing free radical chain re-

actions in tissue and inhibiting lipid oxidation (Shahidi, 
2009; Tavares et al., 2011; Kim et al., 2013; Surai et al., 
2016). 

Yeum et al. (2009) reported the role of β-carotene 
against oxidation and Zheng et al. (2009) stated that phe-
nolic compounds had high activity to reduce free radi-
cals production. In addition, antioxidant supplements 
improve breast-meat quality of broiler chickens (Tavarez 
et al., 2011) and reduce the MDA contents of egg yolk 
(Akdemir et al., 2009). In addition, dietary antioxidants 
increase the tenderness of meat and reduce lipid oxida-
tion in broiler breast  and thigh (Delles et al., 2014).  

One of the most commonly used indicators 
of lipid peroxidation related to oxidative stress is 
Malondialdehyde (Aksu et al., 2010). According Chen et 
al. (2009), MDA can be used as an indicator of antioxi-
dant activity.  Antioxidant acts as a deterrent to the oc-
currence of lipid peroxidation because antioxidants can 
stabilize free radicals so that they are not harmful to the 
body (Kurkcu, 2010). The lower MDA concentration in 
the meats of free-range chicken indicates that the meat 
of kampong chicken contains high antioxidants.

Fatty Acid Composition

Based on this study, the compositions of un-
saturated fatty acids in the meats of kampong chicken 
fed rations supplemented with NLSM were higher 
compared to those of saturated fatty acids. The results 
showed the highest variation in the ratio of saturated 
and unsaturated fatty acids in treatment R4 with a value 
of 1: 2.31 and the lowest ratio in the control treatment 
R0 with a value of 1: 1.93. This decrease was also fol-
lowed by a lower in the the fat contents of the meat. 
The mechanism of decreasing fat content and increasing 
unsaturated fatty acid content of meat is related to the 
interaction of β-carotene contained in the rations R1 to 
R5. According to Velasco et al. (2011), plant extracts are 
natural antioxidants that are outstanding effects on im-
proving meat quality because they inhibit or slow down 
the lipid oxidation and microbial growth. Fassah (2012) 
also explains that the addition of natural antioxidants 
can reduce MDA and total SFA (Saturated Fatty Acids) 
and increase PUFA (Poly Unsaturated Fatty Acids) 
contents of meat that eventually increase the stability of 
meat oxidation that finally will improve the meat qual-
ity. According to Shahzad et al. (2011) poultry meat and 
eggs, as high-quality animal proteins, are important 
sources for sustaining health and nutrition of human be-
ings. Furthermore, Muhlisin et al. (2016) confirm that the 
dark meat of poultry exhibited higher antioxidant en-
zyme activity and contained more iron than white meat. 
Also, Choi et al. (2016) state that fat plays an essential 
role in the stability of meat emulsions, increasing water 
capacity, and the essential level of meat hardness. The 
decreased fat contents in poultry products, especially 
meat, will produce products that are safe for health.

CONCLUSION 

Feeding 2.5% noni leaf shoot meal in kampong 
chicken produces the same performances as the control, 
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but reduces the cholesterol, LDL, MDA, saturated fatty 
acids and increases unsaturated fatty acids content of 
kampong-chicken meat.  
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