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ABSTRACT

Fatty acid composition, carcass, and meat quality are quantitative traits which are controlled by
several genes or polygenic. One of the genes that plays important role in the fatty acid in meat quality
and fatty acid composition is liver-type fatty acid-binding protein (L-FABP). The aims of this study were
to identify single nucleotide polymorphism (SNP) of liver-fatty acid binding protein (L-FABP) gene
and its association with fatty acid, carcass, and meat quality traits in cihateup duck. Cihateup ducks
were originated from Tasikmalaya, West Java, Indonesia. The study used a total of 98 ducks aged of 12
weeks old with the average body size of 1.4+0.12 kg for PCR-RFLP analyses and 76 ducks for the asso-
ciation analyses. Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP)
was used to identify SNP g. 1593 (C>T) of L-FABP gene. The associations of L-FABP genotypes with
fatty acid, carcass, and meat quality traits were performed using T-test procedures. The result showed
that the SNP of L-FABP gene was polymorphic with three genotypes (CC, CT, and TT). The Chi-square
test revealed that the locus of L-FABP (g. 1593 C>T) was in Hardy - Weinberg equilibrium. L-FABP gene
was significantly associated (p<0.01) with the carcass portions, providing neck and percentage of neck
as well as significantly associated (p<0.05) with saturated fatty acids, i.e., lauric acid (C 12:0) and pal-
mitic acid (C 16:0); polyunsaturated fatty acid, i.e., eicosadienoic acid (C 20:2); carcass portions, i.e. neck
and percentage of neck. The SNP g. 1593 (C>T) of L-FABP gene may be a useful marker for selecting

and producing duck meat having desirable fatty acids and carcass and meat quality.
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INTRODUCTION

Poultry production in the year of 2017 in Indonesia,
including broiler, layer, native chicken, and ducks were
around 1,848.1, 114.0, 296.2, and 43.2 tons, respectively
(DITJENNAK, 2017). The data showed that the produc-
tion of meat duck was lower than the chicken products.
The lower consumption of meat duck can be influenced
by several reasons such as high flavor and odor and
saturated fatty acid composition in duck meat which
are associated with negative effect for human health
(Anggraeni et al., 2017).

Fatty acid content of duck meat such as saturated
fatty acid (SFA), monounsaturated fatty acid (MUFA), or
polyunsaturated fatty acid (PUFA) is one of the factors
that increases mortality caused by cardiovascular dis-
ease (Ferre, 2019). SFA intake could not be a major factor
for cardiovascular disease, even though SFA intakes are
in the higher ranges in a population. Meanwhile, by
increasing PUFA intake is related to a lower risk of fatal
cardiovascular disease, whether changing SFA, in con-
trast the effect of MUFA on cardiovascular risk is war-
ranted (Virtanen et al, 2014). Ebrahimi ef al. (2018) stated

that linoleic acid (C 18:2, C20:4 and C22:6) included into
PUFA showed a positive correlation to carcass quality
and associated to human'’s health as well.

In order to produce a desirable and healthy meat
for consumers, selecting genes that affect fatty acid,
carcass, and meat quality can be done. Those traits are
regulated by poly genes. One of the genes that control
the fatty acid in meat quality and fatty acid composition
is liver-type fatty acid-binding protein (L-FABP). The
L-FABP is a member of family intracellular fatty acid-
binding protein (iLBPs) which transport fatty acid from
the plasma membrane to (3 oxidation site and to triglyc-
eride or phospholipid synthesis (He et al., 2011). The
L-FABP gene may be used as one of genetic markers for
selecting fatty acid composition in meat due to its role
in transporting saturated and unsaturated fatty acid.
Previous study by Martin ef al. (2013) indicated that
the L-FABP could bind two amino acids per molecule,
different from any types of fatty acid-binding protein.
L-FABP could bind neither fatty acid nor hydrophobic
ligands including acyl —CoA, bilirubin, lyso-phospha-
tidyl-choline, bile salt, prostaglandin, and peroxisome
proliferator. He et al. (2011) stated that the L-FABP had a
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great potential to be used as a genetic marker which was
related to fatty acid composition based on the previous
research in Beijing duck, Shaoxing, Muscovy, Mallard,
Ma, and its progeny. L-FABP polymorphisms were
reported to be related to fatty acid such as C16:0, C18:3,
and total IMF in chest muscle, where CC genotype had
higher contents when compared to CT and TT geno-
types (He et al., 2011). The effect on marbling in white
swine showed that the polymorphism had a significant
effect in genotype CC where it had more marbling than
TC, and TC had more marbling than TT; besides, the
effect on intramuscular fat content was also polymor-
phic, it showed that L-FABP might be a candidate gene
associated with meat quality traits (Zhang et al., 2013).
However, this gene and its effect on the quality of duck
carcasses has never been explored in Indonesian local
ducks. The aims of this study were to identify single nu-
cleotide polymorphism (SNP) of liver-fatty acid binding
protein (L-FABP) gene and its association with the fatty
acid, carcass and meat quality traits in cihateup duck.

MATERIALS AND METHODS
Animals and Samples

A total 98 Cihateup ducks consisted of 39 males
and 59 females were used in this observation. All ducks
had average body weight of 1.4 kg (1472.7+120.2 g) and
aged of 12 weeks and were reared in the same condition
and feed with the water given ad libitum. The ducks
were slaughtered according to the animal welfare ethics
with the performance test guidelines IPO number 13-
2016 (Anggraeni et al., 2017). The whole blood samples
were collected from vena brachialis of Cihateup ducks.
The genotyping was conducted at the Laboratory of
Animal Breeding and Genetics, Faculty of Animal
Science, IPB University, Indonesia. A total of 100 puL of
blood samples and 100 g of meat samples were taken for
DNA extraction and fatty acids analyses. All samples
were kept in refrigerator at 4°C until further analyses.

Analysis of Fatty Acid, Carcass, and Meat Quality

Data of fatty acid composition (total fatty acids,
saturated fatty acids, monounsaturated fatty acids, and
polyunsaturated fatty acids), carcass and meat quality
(pH, color, cooking, % free H,O (water holding capac-
ity), MDA/malonaldehyde, and TMA/trimethylamine)
used the data analyzed and reported previously by
Anggraeni et al. (2017).

DNA Extraction and Polymerase Chain Reaction
- Restriction Fragment Length Polymorphism
(PCR-RFLP)

The g. 1593 (C > T) SNP of L-FABP gene used in this
study referred to the previous study by He et al. (2011).
DNA extraction was conducted using a standard proce-
dure referred to Sambrook et al. (1989). The principle of
DNA extraction was started by destroying the cell walls
and the cell membranes in order to gain DNA in the
nucleus without causing damage to the DNA. Basically,
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DNA extractions were separated into several stages
namely the preparation of material, the process of cell
destruction, the removal of contaminant compounds,
and the DNA collection. Extracted DNAs have to be free
from contaminant compounds which were frequently
carried along and could be inhibit the work of several
enzymes in molecular activity.

PCR was performed for amplification of the
polymorphic region of L-FABP gene. A pair of prim-
ers were designed manually based on Viljoen et al.
(2015) and PCR suitability tests were checked using
Primer Stat. These primers (forward and reverse),
5-GCATGAGTGAAGCCTGTTTG-3 and 3’-CCTGTA
GATGACAATACAGC-5, respectively, were used to
amplify a 590 base pairs (bp) fragment according to
the anas genomic sequence in the GeneBank database
(accession number HQ640427). The PCR was per-
formed under the following conditions. Initial dena-
turation at 95°C for 5 minutes in 1 cycle. The second
phase consisted of 35 cycles, each cycle consisting of
denaturation process at 95°C for 20 seconds, primer
annealing at 58°C for 30 seconds, and DNA extension
at 72°C for 30 seconds. The final phase was the primer
elongation or final extension at 72°C for 5 minutes. The
DNA amplification product of 590 bp was visualized by
using 1.5% agarose gel electrophoresis.

PCR products from polymorphic region of L-FABP
gene (590 bp) were digested with Bfal restriction
enzyme which was selected based on the software
(http://tools.neb.com/NEBcutter2/index.php) of the
polymorphic sites. PCR products and Bfal were incu-
bated at 37°C for 2 hours (Thermo Fisher Scientific, EU,
Lithuania). The products of DNA fragments from PCR-
RFLP were visualized using 2% agarose gel electropho-
resis, electrophoresis was run on average voltage of 100
volts for 45 minutes. The product of PCR were visual-
ized under ultra-violet transilluminator (Alpha Imager,
Alpha Innotech, Santa Clara, USA).

Statistical Analysis

The genotype and allele frequencies were analyzed
based on the genotyping data of Cihateup duck using
the formula of Nei & Kumar (2000):

- i=1

2 N
. = (Znj; + Xizjnij )y

b 2N
Where was the i allele frequency, was ii" genotype
frequency, i was the frequency of allele i; was the total
individuals with genotype ii; total individuals with gen-
otype ij and N was the population size. Hardy-Weinberg
equilibrium (H-W) (Hartl & Clark, 1997):

L z”:(O—E)Z
X —. E
=1

Where X? was Chi Squared; O was total of observed
genotypes and E was total of expected genotypes and i
was the number of observations (N= 98).
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Association Analysis

Due to the nonsignificant (Pvalue>0.05) effect of the
sex on fatty acid, carcass and meat quality, association
between the SNP of L-FABP gene and fatty acid, carcass
and meat quality traits was performed using T-test pro-
cedure using Minitab statistical analysis Software.

Where S = Jz:‘=1(x—i—x—1>z+z?=1(x—i—zf
ny+n,—2
Note: X1 and X, were the average traits for genotype 1
and genotype 2, n, and n, were individual number of
genotype 1 and 2, and S was the combined of standard
deviation.

RESULTS
L-FABP Gene Polymorphism

Amplification of the fragment of the L-FABP gene
in cihateup duck using PCR with Bfal enzyme and the
L-FABP SNP g.1593 C>T at exon 3 is presented in Figure
1. The length of L-FABP product was 590 bp fragment of
DNA (Figure 1).

The fragment of the L-FABP gene in Cihateup
duck showed 3 genotypes which were CC, CT, and TT.
DNA amplification with genotype CC had 2 fragments
which were 249 bp and 341 bp, while genotype CT had

M 1 2 3

500 bp
400 bp
300 bp
200 bp
100 bp

three fragments which were 299 bp, 341 bp, and 590 bp,
and genotype TT had one fragment which was 590 bp
(Figure 2). The L-FABP gene at exon 3 had one single
nucleotide polymorphism (SNP) as was detected by
CTAG cut site, by using Bfal enzyme. Fragments were
separated by electrophoresis 2.0% agarose gel. Change
of cytosine (C) to thymine (T) was happened at point
g.1593 C>T at exon 3 known as a substitution of transi-
tion base.

Genotype and allele frequencies were calculated
based on the polymorphisms of L-FABP gene at exon
3 SNP g.1593 C>T in cihateup duck. The C allele fre-
quency was higher than that of the T allele. The distri-
bution of genotype and allele frequencies for L-FABP
in cihateup duck are prensented in Table 1. The highest
genotype frequency was the CC (0.48), followed by CT
(0.40) and TT (0.12). The C allele frequency was 0.68
and T allele frequency was 0.32. Based on the Hardy-
Weinberg equilibrium test the allele frequencies were in
the equilibrium state (x*value =0.75).

Association of L-FABP Gene Polymorphisms and Fatty
Acid Traits in Cihateup Duck

The analysis of fatty acid compositions for as-
sociation provided saturated fatty acid (SFA), monoun-
saturated fatty acid (MUFA), and polyunsaturated fatty
acid (PUFA?7). The genotype of meat fatty acid traits in
Cihateup duck are presented in Table 2.

The g.1593 C>T SNP of L-FABP gene was sig-
nificantly (p<0.05) associated with lauric acid (C12:0),
palmitic acid (C16:0), and eicosadienoic acid (C20:2).
In general, the T-test showed that the individuals with

590 bp

Figure 1. Amplification result of PCR for L-FABP gen on 1.5% gel agarose; M= 100 bp
ladder size standard; Line 1-7= individual duck samples.

M CT CC CT CT CC TT CC CC CC CT IT CT CC CcC ccC cCT

500 bp
400 bp
300 bp
200 bp

100 bp

590 bp

341bp
249bp

Figure 2. PCR-RFLP analysis of 590 bp fragment of L-FABP gene by Bfal restriction enzyme on 2%
agarose gel. CC: CC genotype; CT: CT genotype; TT: TT genotype; M: DNA marker 100 bp.
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homozygous CC genotype were associated with lower
saturated fatty acid (SFA) and monounsaturated fatty
acid (MUFA) (p<0.05) but with a higher polyunsaturated
fatty acid (PUFA) (Table 2 and Table 3).

Association of L-FABP Gene Polymorphism with
Carcass and Meat Quality Traits in Cihateup Duck

In this study, the CC genotype had the lowest av-
erages of body and carcass weights when compared to
the CT and TT genotypes (Table 4). Based on the T-test
analyses among genotypes, it showed that the geno-
types significantly affected the neck and percentage of
neck (Table 5). The g.1593 C>T SNP of L-FABP gene was
associated with neck (p>0.01) where TT genotype was
higher than the CC and the percentage of neck where
the TT genotype was higher than CC. The percentage
of neck of CT genotype was higher than that of the CC
genotype (Table 5).

The average of meat quality traits showed normal
range values (Table 6). Meat quality traits including

color, pH, cooking loss, water activity, MDA, TMA,
and crude protein influence consumer preferences
related to organoleptic assessment. The g.1593 C>T SNP
of L-FABP gene was significantly (p<0.05) associated
with L* (indicates lightness) where the TT genotype had
higher L* (indicates lightness) value than the CT (Table
6). However, this association should be further validated
with a larger samples size and more expert panelists.

DISCUSSION

The L-FABP gene showed a higher frequency of C
allele than the T allele (Table 1). The higher frequency
of allele C could be due to a nonrandom mating, selec-
tion, mutation, random drift, and small population size
(Noor, 2010; Gunawan et al., 2017). The result shows
that the L-FABP gene in cihateup duck is polymorphic
as the allele frequencies of C and T are less than 0.99.
These results are in agreement with Hartl & Clark (1997)
that an allele is categorized as a polymorphic if the fre-
quency of its allele is less than 0.99. According to Bohle

Table 1. Genotype, allele frequencies, and Chi-squared of L-FABP gene g.1539 (C>T) SNP) in Cihateup duck

Genotype frequencies

Allele frequencies Chi-squared (x2)

Gene N

CC (n) CT (n)

TT (n) C T

value

L-FABP 98 0.48 (47) 0.40 (39)

0.12 (12) 0.68 0.32 0.75™

Note: ns= not significant (p<0.05). x2= Chi-square: Chi-square from table= 5.991 (p<0.05), degree of freedom (df) is equal to the number of expected

genotypes-1, number of genotypes is 3 and df=2.

Table 2. Phenotype of meat fatty acid traits in Cihateup duck*

Average (+ S.D) (%)
CC(n=22) CT(n=17) TT (n=6)
3240+1.61 32.84+241 3291+2.54

Variables

Saturated fatty acid
(SFA)

Lauric acid (C12:0) 15.81+5.16 15.86+5.92 10.02 +5.53

Myristic acid (C14:0) 0.53+0.03 0.50+0.05 0.51+0.05
Pentadecanoic acid 0.05+0.01 0.04+0.01 0.04+0.01
(C15:0)

Palmitic acid (C16:0) 205+043 214+056 253+0.53
Heptadecanoic acid 0.09+0.01 0.10+0.01 0.09 +0.01
(C17:0)

Stearic acid (C18:0) 449 +0.72 431+0.65 4.84+0091
Arachidic acid (C20:0) 0.19+£0.05 0.18+0.03 0.20+0.01

Monounsaturated fatty  47.14 +2.58 46.75+2.33 47.47 +4.02

acid (MUFA)
Palmitoleic acid (C16:1)
Oleic acid (C18:1n9c¢)

2758 +1.46 27.37+212 26.86+2.42
4426+239 43.72+2.05 44.14+3.69

Polyunsaturated fatty 18.88+1.36 18.78+1.36 18.45+1.39
acid (PUFA)

Linoleic acid (C18:2n6¢c) 18.44+1.38 18.35+1.35 17.94+1.41
Linolenic acid (C18:3n3) 0.04+0.01 0.04+0.01 0.04+0.01
Elaidic acid (C18:1n9t) 0.12+0.03 0.12+0.03 0.11+0.01
Eicosadienoic acid 6.51+2.08 6.72+149 522+1.63
(C20:2)

Arachidonic acid 0.05+0.02 0.05+0.02 0.06+0.03
(C20:4n6)

Eicosaenic acid (C20:1) 0.70£0.14 0.76+0.12 0.68+0.11

Note: *The components that cannot be analyzed are minor/trace. It could
be amino acid or some parts of fatty acids that does not mentioned
in this table.
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Table 3. Genotype and association analyses of L-FABP gene
with fatty acid traits

Variables Probability value
CCvsCT CCvsTT CTvsTT
Saturated fatty acid (SFA) 0.402 0.560 0.947
Lauric acid (C12:0) 0.977 0.018* 0.036*
Myristic acid (C14:0) 0.121 0.396 0.769
Pentadecanoic acid (C15:0) 0.245 0.083 0.194
Palmitic acid (C16:0) 0.586 0.025* 0.133
Heptadecanoic acid 0.321 0.578 0.199
(C17:0)
Stearic acid (C18:0) 0.433 0.303 0.118
Arachidic acid (C20:0) 0.682 0.923 0.369
Monounsaturated fatty 0.628 0.803 0.585
acid (MUFA)
Palmitoleic acid (C16:1) 0.727 0.349 0.609
Oleic acid (C18:1n9c¢) 0.463 0.921 0.721
Polyunsaturated fatty acid 0.808 0.471 0.599
(PUFA)
Linoleic acid (C18:2n6c) 0.854 0.422 0.508
Linolenic acid (C18:3n3) 0.740 0.795 0.616
Elaidic acid (C18:1n9t) 0.977 0.670 0.720
Eicosadienoic acid (C20:2) 0.737 0.147 0.040*
Arachidonic acid (C20:4n6) 0.397 0.313 0.143
Eicosaenic acid (C20:1) 0.169 0.672 0.136

Note: p-value with different superscripts in the same row (*) differ sig-
nificantly at p<0.05. Numbers shown in parentheses are the num-
ber of individuals with the specified genotype.
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Table 4. Phenotype of carcass characteristics of different geno-

Table 5. Genotype and association analyses of L-FABP gene
with carcass characteristics

types in Cihateup duck
X Average (+S.D)
Variables
CC (n=30) CT (n=26) TT (n=6)
Body weight (g) 1455.00 £ 147.00 1466.70 + 98.50 1517.40 +57.10
Head (g) 8222+ 7.72 84.85+ 8.06 91.38+ 6.95
% Head 580+ 048 6.11+ 038 6.23+ 0.27
Neck (g) 7870+ 8.99 83.30 + 10.90 89.75+ 5.92
% Neck 529+ 039 581+ 0.66 581+ 0.09
Carcass (g) 916.00 +127.00  946.00 £ 114.00  931.30 + 85.00
% Carcass 62.87+ 4.98 6436+ 5.05 61.32+ 412
Wing (g) 132.00+ 14.80 13240+ 11.90 13325+ 9.25
% Wing 872+ 0.87 9.04+ 0.68 8.87+ 0.42
Breast (g) 246.60 + 58.70 237.60+ 47.90 228.10 +25.80
% Breast 2691+ 524 2515+ 3.93 2459+ 2.82
Shank (g) 23510+ 31.50 22990+ 29.60 232.10 +23.50

Table 6. Meat quality of different genotypes in Cihateup duck

. Average (+ S.D)
Variables
CC (n=30) CT (n=26) TT (n=6)

L* 39.58 +0.79 39.24+091 40.15 £ 0.55
a* 18.75+1.34 18.97 +1.48 18.44 +1.57
b* 3.19+0.57 3.22+0.61 3.06 +0.60
pH 5.51+0.16 548 £0.15 547 +0.13
Cooking 48.26 +3.89 47.18 £5.04 48.50 +5.09
loss (%)

% H,O 27.25+2.70 26.93 +2.38 28.11+2.89
MDA 1.27 +0.35 1.32+0.34 1.15+0.23
TMA 7.57 +1.18 7.09+1.13 6.96 +0.52
CP (%) 25.99 +4.27 24.52 +3.48 25.04+2.74

Note: L* (indicates lightness), a* (the red/green coordinate), b* (the yel-
low/blue coordinate)= indicator of meat color; pH= relative hu-
midity; % H,O= water activity; MDA and TMA= indicator of off-
odor; CP= crude protein.

and Gabaldon (2012) polymorphisms could be used as
genetic markers in a population.

This study revealed three genotypes for the L-FABP
gene in Cihateup duck namely CC, CT, and TT. In
previous study He et al. (2011) found polymorphism in
Beijing, Shaoxing, Muscovy, and Mallard duck with CC,
CT, and TT genotypes. This study explained that the
association was related to the fatty acid compositions,
C16:0, C18:3, and total IMF in breast muscle where the
CC genotype was significantly higher than CT and TT
genotypes. In contrast, this study demonstrated that
the CC genotype had a lower value of C16:0 than the
CT and TT genotypes. On the other hand, the C18:3
indicated almost similar values (Table 2 and 3). Beside
the genetic factor, the feeding management could be
one of the factors that influence fatty acid compositions
(Poulsen et al. 2012).

L-FABP gene in Cihateup duck affected the lauric
and palmitic acid contents (Table 3). Praagman ef al.
(2019) stated that the lauric acid (C12:0), myristic acid
(C14:0), and palmitic acid (C16:0) influenced cardiovas-
cular health. In addition, the eicosedienoic acid that was
included to PUFA showed significant result where geno-

. Probability value
Variables
CCvsCT CCvsTT CTvsTT
Body weight (g) 0.739 0.256 0.178
Head (g) 0.226 0.005 0.046
% Head 0.084 0.063 0.503
Neck (g) 0.099 0.003** 0.118
% Neck 0.027* 0.001** 0.992
Carcass (g) 0.366 0.695 0.742
% Carcass 0.281 0.427 0.130
Wing (g) 0.904 0.819 0.855
% Wing 0.309 0.709 0.576
Breast (g) 0.541 0.398 0.597
% Breast 0.167 0.240 0.710
Shank (g) 0.533 0.806 0.846

Note: p-value with different superscripts in the same row differ signifi-
cantly at p<0.05 (*) and at p<0.01 ( ** ). Numbers shown in paren-
theses are the number of individuals with the specified genotype.

Table 7. Genotype and association analyses of L-FABP gene
with meat quality traits

. Probability value
Variables
CCvsCT CCvs IT CTvsTT
L* 0.202 0.112 0.029%
a* 0.588 0.600 0.418
b* 0.848 0.594 0.537
pH 0.457 0.596 0.964
Cooking loss 0.389 0.892 0.546
% HO 0.662 0.465 0.281
MDA 0.717 0.426 0.292
TMA 0.217 0.238 0.797
CcP 0.171 0.558 0.702

Note: p-value with different superscripts (*) in the same row differ
significantly at p<0.05. Numbers shown in parentheses are the
number of individuals with the specified genotype. L* (indicates
lightness), a* (the red/green coordinate), b* (the yellow/blue co-
ordinate)= indicator of meat color; p= relative humidity; % H,O=
water activity; MDA and TMA= indicator of off-odor; CP= crude
protein.

type CT had higher values than the TT (Table 3). PUFA
has a function to control hepatic PPARa and SREBP-1c
which regulate fatty acid in human body (Jump et al.,
2013).

Overall, the result showed the average value of SFA
in Cihateup duck meat was higher than that of PUFA
but lower than that of MUFA in all genotypes (Table 2).
This result is in agreement with the current study by
Briggs et al. (2017) that generally fatty composition of
duck has higher SFA value when compared to the PUFA
but has lower value than the MUFA. Consuming more
SFA, MUFA, PUFA, and cholesterol will increase the low
density lipoprotein (LDL) in blood, and also increase
the risk of coronary heart disease. Roussell et al. (2012)
showed that the change in consuming beef to chicken
meats would significantly decrease the apolipoprotein
B and total cholesterol levels in microalbumin of type
2 diabetic patient because of the PUFA level in chicken
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meat is higher than in beef. However, it also depends
on the ratio of omega 6 (linoleic acid) and omega 3
(linolenic acid) which ideally around 4:1. Despite of the
normal result of linoleic and linolenic acid contents in
Cihateup duck meat, it is far beyond the ratio to support
the PUFA function.

In previous observation by He et al. (2012), it was
reported that the mutation in L-FABP gene could affect
carcass quality in some breeds of ducks, and polymor-
phisms of SNP in exon 3 L-FABP gene in duck were
related to the fatty acid compositions; C16: 0, C18: 3,
and total intramuscular fat in pectoral muscle. L-FABP
has interaction with protein transportation, regulation
of transcription gene, growth and differentiation, signal
transduction, and cellular protection (Atshaves et al.,
2010).

The results demonstrated that the carcass charac-
teristic significantly affected the neck and percentage
of neck. While the average of body weight and carcass
showed slight differences among genotypes. Orellana et
al. (2009) stated that the carcass fats including thickness
and intramuscular fat were affected by meat fatty acid
profile which would affect carcass weight indirectly.
Costa et al. (2018) showed that the fatty acids including
myristic (C14:0), palmitoleic (C16:1), and heptadec-
enoic (C17:1) would increase with the increased carcass
weight, whereas stearic acid (C18:0) would decrease
with the increased carcass weight. However, the result
in this study showed that the lauric acid (12:0), palmitic
acid (16:0), and eicosedienic (C20:2) were affected by the
genotype (Table 2). Thus, the relation between the fatty
acid compositions with carcass weight in L-FABP gene
of Cihateup duck was not revealed yet.

The meat quality traits are generally within the
normal range values (Table 6). However, the L* color
(lightness of the meat) of the TT is higher than the CT
(Table 7). The meat color influences the appearance
and consumer preferences and it depends on pigment
content. The dimensions for measuring meat color are:
first, hue angle that represents the kind of color; chroma
or saturation that represents depth of color or the extent
to which the hue is diluted with black; and lightness (L*)
that represents the extent to which the hue is diluted
with white (AMSA, 2012). Wideman et al. (2016) stated
that the color of poultry meat was influenced by total
heme and myoglobin contents, pH, age/sex of birds,
breed, diet, rearing, and processing. However, no
information for direct effect between the L-FABP gene
and meat color. However, the function of L-FABP gene
which regulates lipid oxidation might be one of factors
that influences meat color indirectly. Kerry & Ledward
(2009) stated that heme protein oxidation precipitated
by the secondary lipid oxidation gave a positive cor-
relation between metmyoglobin formation and lipid
oxidation. The reason for aldehyde-induced myoglobin
oxidation might be related to the abduction of the
modification of amino acids. The aldehyde, 4-hydroxy-
nonenal is recently being used as a model for exploring
lipid oxidation-induced meat discoloration.
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CONCLUSION

L-FABP gene was polymorphic in Cihateup duck
with C allele was more frequent in population. The SNP
g.1593 C>T of L-FABP gene affected the fatty acids con-
tents including the saturated fatty acids, i.e., lauric acid
(C12:0) and palmitic acid (C16:0); polyunsaturated fatty
acids, i.e., eicosadienoic acid (C 20:2); carcass portions,
i.e. neck and percentage of neck. The SNP (g.1593 C>T)
of L-FABP gene might be a useful marker for selecting
and producing desirable and healthy duck meat.
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