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Objective: Carnosine and anserine affect the meat flavor. The contents of carnosine and 
anserine in meat are affected by genetic and environmental factors. This study aimed to 
discover the single-nucleotide polymorphisms (SNPs) in the histamine-N-methyl 
transferase (HNMT) and histamine-N-methyl transferase-like (HNMT-like) genes and 
to associate them with the content of carnosine and anserine in Korean native chicken-
red brown line (KNC-R). 
Methods: This study used a total of 384 birds (males, n = 192; females, n = 192) aged 10 weeks 
old, for genotyping HNMT and HNMT-like genes. One synonymous SNP (rs29009298C/T) 
of the HNMT gene was genotyped by polymerase chain reaction–restriction fragment 
length polymorphism (PCR-RFLP) methods whereas four missense SNPs (rs734406537G/A; 
rs736514667A/G; rs15881680G/A and rs316765035T/C) of the HNMT gene, and one 
missense SNP rs737657949A/C of the HNMT-like gene were genotyped by PCR allele 
competitive extension (PACE) genotyping technology. Two-way analysis of variance of the 
R program was used to associate HNMT genotypes with the contents of carnosine and 
anserine in KNC-R chickens.
Results: There were significant associations (p<0.05) between the genotypes of the 
synonymous SNP:rs29009298C/T, missense SNP rs736514667A/G of the HNMT gene 
and the content of carnosine in KNC-Rs. This study also reported the sex effect on the 
carnosine content, where females had more content of carnosine compared to that of male 
KNC-R. 
Conclusion: Two SNPs (synonymous: rs735769522C/T) and missense: rs736514667A/G) 
in the HNMT gene might be used as genetic markers in the selection and breeding of 
chickens with better taste and high-flavored meat.

Keywords: Carnosine; HNMT gene; Korean native chicken; Meat Flavour; Single-nucleotide 
Polymorphism (SNP)

INTRODUCTION

The selection and breeding of poultry, particularly chickens, with higher growth rates to 
satisfy the growing demand for poultry meat has resulted in lower meat quality [1]. In 
contrast, native chickens grow at a slower rate and are known for their superior meat 
quality [2-4]. After tenderness and juiciness, meat flavor is the most likely trait to be used 
to describe the quality of the meat during consumption and influences the consumer’s 
decision to repurchase the meat [5]. Researchers have reported a significant association 
between flavor precursor content in fresh meat and the final meat flavor [6-13]. These 
precursors include nucleotides, sugars, amino acids, histidine-containing dipeptides such 

*  Corresponding Authors: 
Hyo Jun Choo
Tel:  Fax: +82-33-330-9529, 
E-mail: hyojy@korea.kr
Jun Heon Lee
Tel: +82-42-821-5779, Fax: +82-42-825-9754, 
E-mail: junheon@cnu.ac.kr

  1  Division of Animal and Dairy Science, 
Chungnam National University, Daejeon 
34134, Korea

  2  Department of Bio-AI Convergence, 
Chungnam National University, Daejeon 
34134, Korea

  3  Department of Applied Animal Science, 
College of Animal Life Science, Kangwon 
National University, Chuncheon 24341, 
Korea

  4  Poultry Research Institute, National Institute 
of Animal Science, Pyeongchang 25342, 
Korea

ORCID
Jean Pierre Munyaneza
https://orcid.org/0000-0003-2521-3339
Minjun Kim
https://orcid.org/0000-0002-8173-8431
Eunjin Cho
https://orcid.org/0000-0003-4800-1603
Aera Jang
https://orcid.org/0000-0003-1789-8956
Hyo Jun Choo
https://orcid.org/0000-0002-7747-5077
Jun Heon Lee
https://orcid.org/0000-0003-3996-9209

Submitted Dec 29, 2023; Revised Feb 21, 2024;  
Accepted Mar 14, 2024

Open Access

***-****-****

http://creativecommons.org/licenses/by-nc/3.0/


1518  www.animbiosci.org

Munyaneza et al (2024) Anim Biosci 37:1517-1525

as carnosine and anserine, organic acids, and fatty acids [9-
14] and are responsible for producing the final flavor [11,15]. 
The red-brown Korean native chicken (KNC-R) is one of 
the five KNC lines [2,4]. KNC-Rs tend to have a higher body 
weight and greater content of flavor precursors such as car-
nosine [2]. 
 The genetic factors (breed or line) and environmental fac-
tors such as feed, processing and cooking methods, and storage 
influence the content of flavor precursors in the meat [10,16, 
17]. Previous studies reported candidate genes affecting 
some of these flavor precursors. For example, DUSP8 and 
IGF2 genes influence the content of nucleotide-related com-
pounds (IMP, inosine, and hypoxanthine) in KNC-Rs [8]. 
Carnosine is predominantly found in mammals, including 
beef and pork; by contrast, anserine is abundant in avian 
species such as poultry [2]. Carnosine is synthesized through 
the combination of the amino acids β-alanine and L-histidine 
[18] and is found in large quantities in skeletal muscle, the 
heart, and the nervous system [19]. Anserine is the methylated 
product of carnosine [20] and is found in skeletal muscle 
[21]. Carnosine and anserine are natural antioxidants and 
have anti-aging and neurotransmitter functions [2]. They 
also have anti-hypertension properties and contribute to im-
mune boosting and insulin resistance amelioration [22]. 
Carnosine influences different meat quality traits [23,24]. 
Additionally, anserine and carnosine confer an umami taste 
[25].
 The flavor of chicken meat is a complex trait and com-
pounds influencing the flavor, including carnosine and 
anserine, can be controlled genetically [26]; thus, marker-
assisted selection to produce highly flavored chicken meat 
is possible. Moreover, the heritabilities of carnosine and 
anserine have been reported as moderate for carnosine 
(0.383) to high (0.531) for anserine in the longissimus muscle 
of beef [2,23]. The heritabilities of carnosine and anserine 
were 0.43 and 0.24 in chicken breast meat, respectively [27]. 
A previous genome-wide association study (GWAS) reported 
that the genes histamine-N-methyltransferase (HNMT) 
(ENSGALG00000012377) and HNMT-like (ENSGALG 
00000033461 or LOC771456) likely influence peptide con-
tent, including carnosine and anserine contents in KNCs 
[27]. This is the first work to identify single-nucleotide poly-
morphisms (SNPs) in HNMT and HNMT-like genes and 
investigate their associations with carnosine and anserine 
contents in chickens. HNMT and HNMT-like (LOC771456 
or carnosine N-methyl transferase 2 [CARNMT2]) have been 
mapped to chromosome 7 in the chicken genome. HNMT-
like is thought to be the result of gene duplication, and protein 
exhibits unique enzymatic activity [28,29]. HNMT and HNMT-
like are involved in histidine metabolism [27]. Histidine is 
bound to alanine to synthesize carnosine in muscle [18,21], 
and carnosine is then methylated to produce anserine [28,30].

 However, polymorphisms in HNMT and HNMT-like 
genes are scarce, and their effects on the peptide (carnosine 
and anserine) contents in chickens are unknown. HNMT 
and HNMT-like polymorphisms may affect muscle carnosine 
and anserine contents, influencing chicken meat flavor. 
Therefore, our objectives were to identify SNPs in HNMT 
and HNMT-like genes and explore possible associations 
between the identified SNPs and carnosine and anserine 
contents in KNC-Rs. 

MATERIALS AND METHODS

Ethical statement
The protocols for animal experiments were approved by the 
Institution of Animal Care and Use Committee of the National 
Institute of Animal Science (NIAS; approval number: NIAS 
20212219) to ensure the fulfillment of international guide-
lines for animal welfare.

Chickens and data collection
The chickens used in this study were kept at the Poultry Re-
search Institute of the NIAS in Pyeongchang, South Korea. 
Feed and water were provided ad libitum. We extracted ge-
nomic DNA from 384 birds (males, n = 192; females, n = 
192) to identify the SNPs in HNMT and HNMT-like. All 
conditions related to the maintenance, management, housing, 
and feeding of chickens are the same as those stated in our 
previous work [4]. For the carnosine and anserine analyses, 
we used the breast meat from 384 KNC-Rs that were slaugh-
tered at 10 weeks of age. 

DNA extraction, primer design, and polymerase chain 
reaction amplification
Genomic DNA was extracted from 384 KNC-R blood sam-
ples using the PrimePrep Genomic DNA Extraction Kit 
(GenetBio Co., Daejeon, Korea). The primer-BLAST tool of 
the NCBI database was used to design primer pairs for 
amplifying the 309-bp fragment of chicken HNMT gene 
(accessed by ENSGALG00000012377 in Ensembl, GRCg6a) 
containing the synonymous SNP rs29009298C/T. This primer 
set was synthesized and delivered by Bioneer Corp. (Daejeon, 
Korea), and are shown in Table 1. 
 The polymerase chain reaction (PCR) mixture (total vol-
ume: 20 μL) comprised 2 μL of genomic DNA (25 ng/μL), 1 
μL of forward and reverse primer each, 10 μL of HS Prime 
Taq Premix (2×) (GenetBio Co., Korea), and 6 μL of triple-
distilled water (3DW). PCR amplification was carried out 
using a T100 Thermal Cycler (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) with the following steps: initial denatur-
ation at 95°C for 3 min, followed by 35 cycles of denaturation 
at 95°C for 30 s, annealing at 63°C for 45 s, extension at 72°C 
for 60 s, and a final extension step at 72°C for 10 min. The 
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PCR products were separated by electrophoresis in 2% agarose 
gel stained with ethidium bromide at 120 V for 30 min; the 
fragments were visualized under an ultraviolet (UV) transil-
luminator (ATTO Corporation, Tokyo, Japan).

Next-generation sequencing data analysis 
Next-generation sequencing (NGS) data for the KNCs were 
obtained from the National Agricultural Biotechnology Infor-
mation Center (Jeonju, Korea) to detect and confirm the 
SNPs in the HNMT and HNMT-like genes of the KNC-Rs. 
Four missense and four synonymous variants in HNMT 
were identified. Additionally, one missense and three syn-
onymous variants were discovered in HNMT-like. Here, we 
focused on one synonymous variant (rs29009298C/T) and 
all four missense variants (rs734406537G/A, rs736514667A/
G, rs15881680G/A, and rs316765035T/C) of HNMT. For 
HNMT-like, one missense variant (rs737657949A/C) was 
used for genotyping. 

Genotyping of HNMT and HNMT-like
We used the polymerase chain reaction–restriction fragment 
length polymorphism (PCR-RFLP) genotyping method for 
the synonymous variant in HNMT (rs29009298C/T). PCR 
allele competitive extension (PACE) genotyping was used to 
determine the differences in the genetic makeup of missense 
variants in HNMT and HNMT-like. For genotyping of the 
HNMT (SNP: rs29009298C/T), we used a total volume of 20 
μL composed of 15 μL of PCR product, 0.4 μL of restriction 
enzyme (HpyCH4IV), 2 μL of 10× CutSmart Buffer, and 2.6 
μL of 3DW. The mixture was incubated at 37°C for 6 h. The 
HpyCH4IV restriction enzyme was selected using NEBcutter2 
software (https://nc2.neb.com/NEBcutter2/). 
 The RFLP fragments of HNMT (rs29009298C/T) digested 
with the HpyCH4IV restriction enzyme were separated using 
3% agarose gel electrophoresis stained with ethidium bromide 
at 90 V for 45 min and visualized using a UV transilluminator 
(ATTO Corporation, Tokyo, Japan). The PACE assay mix 
and PACE master mix were produced by 3CR Bioscience 

Table 1. Primers, genes, SNPs, PCR product (bp), annealing temperature, and genotyping method

Gene SNP/location Primer F/R Amplicon 
(bp)

Annealing 
temperature 

(°C)

Genotyping 
method

HNMT rs29009298C/T 
(synonymous)

TATCCCTCAGAAACCAGTGG 
GTTCTCACTGCATCCAGGCT

309 63 RFLP

rs734406537G/A 
(missense)

Forward primer X, Y (5’-3’)
GAAGGTGACCAAGTTCATGCTGCTGACAGACCTCAGCCG/
GAAGGTCGGAGTCAACGGATTCCTGCTGACAGACCTCAGCCA
Common primer
AGACGTGGAAGCAGCGGACGTA
G/A (FAM/HEX)

NA 55 PACE

rs736514667A/G 
(missense)

Forward primer X, Y (5’-3’)
GAAGGTGACCAAGTTCATGCTGGCCAAGTCTACTGAGCACCA/
GAAGGTCGGAGTCAACGGATTGGCCAAGTCTACTGAGCACCG
Common primer
CTGCTGCTCCACAAACTGCTTCAT
A/G (FAM/HEX)

NA 55 PACE

rs15881680G/A 
(missense)

Forward primer X, Y (5’-3’)
GAAGGTGACCAAGTTCATGCTAGGAAAGGAAGACCCATACTTCC/
GAAGGTCGGAGTCAACGGATTGTAGGAAAGGAAGACCCATACTTCT
Common primer
CCTCAGAAACCAGTGGCTGGGAA
G/A (FAM/HEX)

NA 55 PACE

rs316765035T/C 
(missense)

Forward primer X, Y (5’-3’) 
GAAGGTGACCAAGTTCATGCTACAGATTCCTGCATTAGGAGACCTT/
GAAGGTCGGAGTCAACGGATTAGATTCCTGCATTAGGAGACCTC
Common primer 
CACATCACTGTAGCAGCTTATAGATGTA 
T/C (FAM/HEX)

NA 55 PACE

HNMT-like rs737657949A/C 
(missense)

Forward primer X, Y (5’-3’)
GAAGGTGACCAAGTTCATGCTAGATGCTGTACCGTGTGGAAGATA/
GAAGGTCGGAGTCAACGGATTGATGCTGTACCGTGTGGAAGATC
Common primer
CTGTGGAAAAACTTGATGGTGTTAGGAA
A/C (FAM/HEX)

NA 55 PACE

SNPs, single-nucleotide polymorphisms; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; NA, not applicable; PACE, poly-
mer chain reaction allele competitive extension.
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(Harlow, UK) to genotype the missense variants in HNMT 
and HNMT-like genes (Table 1). PACE genotyping was per-
formed in a 96-well plate. Each well contained a mixture of 
10 μL, composed of 1 μL of genomic DNA (5 ng/μL) or 1 μL 
of 3DW in the case of the negative control, 5 μL of master 
mix, 0.25 μL of assay mix, and 3.75 μL of 3DW. The reaction 
was run using the CFX Connect Real-time PCR Detection 
System (Bio-Rad Laboratories, Inc., USA). 

Analysis of carnosine and anserine contents in KNC-Rs 
The carnosine and anserine contents in the breast meat of 
KNC-Rs were analyzed using nuclear magnetic resonance 
following a previously described method [31]. The carnosine 
and anserine contents are expressed as milligrams per 100 
grams of breast meat (mg/100 g of breast meat).

Statistical analyses
After genotyping of HNMT in KNC-Rs, the genotype and 
allele frequencies were calculated according to Nei and Kumar 
[32], in which the chi-square (χ2) test for Hardy–Weinberg 
equilibrium (HWE) was estimated using the formula proposed 
in Hartl and Clark [33]. To examine the effects of genotype 
and sex on carnosine and anserine contents in KNC-Rs, a 
two-way analysis of variance was conducted using R soft-
ware ver. 4.2.1 software [34]. 
 The mathematical model is represented by: 

 Yi,j = µ+Gi+Sj+εi,j 

where Yij represents carnosine or anserine content, μ is the 
population mean, Gi represents genotype effects, Sj represents 
the effects of sex, and εi,j is the residual error. Significance 
tests between the mean value of each genotype and the con-
tents of carnosine or anserine were carried out using Tukey’s 
test (p<0.05).

RESULTS

Next-generation sequencing-based identification of 
single-nucleotide polymorphisms
Analysis of the NGS data of KNC-Rs revealed four missense 
(rs734406537G/A, rs736514667A/G, rs15881680G/A, and 
rs316765035T/C) and four synonymous (rs317627831A/G, 
rs312743068T/C, rs29009298C/T, and rs735769522C/T) 
variants in HNMT, as well as one missense (rs737657949A/C) 
and three synonymous (rs317607580C/T, rs316762204A/G, 
and rs316857074A/G) variants in HNMT-like. 

Genotyping of HNMT and HNMT-like single-
nucleotide polymorphisms
A synonymous SNP (rs29009298C/T) of HNMT and mis-
sense SNPs in HNMT and HNMT-like genes were genotyped 

using PCR-RFLP and PACE genotyping technology, respec-
tively. The 309-bp fragment containing the synonymous 
SNP in HNMT (rs29009298C/T) was successfully amplified 
and then digested by HpyCH4IV, yielding three genotypes: 
CC, CT, and TT (Figure 1). PACE genotyping of the four 
HNMT missense SNPs (rs734406537G/A, rs736514667A/G, 
rs15881680G/A, and rs316765035T/C) yielded three geno-
types (Figure 1). PACE genotyping of the HNMT-like missense 
SNP rs737657949A/C yielded one genotype, AA.

Genotype frequencies, allele frequencies, and Hardy–
Weinberg equilibrium
For the synonymous SNP: rs29009298C/T of HNMT gene, 
the most frequent genotype was CC, representing 64% of 
the total genotyped chickens, followed by the heterozygous 
genotype CT (34%) and TT (2%), and the C allele was the 
predominant allele (80%) over the allele T (20%). For the 
missense variant rs734406537G/A, the heterozygous geno-
type (AG) was the predominant genotype (50%), followed 
by GG (40%) and AA (10%). For the missense SNP rs73651 
4667A/G, the predominant genotype was AA (61%), fol-
lowed by AG (36%) and GG (3%). For the missense SNP 
rs15881680G/A, the dominant genotype was GG (59%), 
followed by AG (36%) and AA (5%). For the missense SNP 
rs316765035T/C, the dominant genotype was CT (50%), 
followed by TT (32%) and AA (18%) (Table 2). Finally, the 
missense SNP rs737657949A/C of the HNMT-like gene 
was monomorphic, with one allele (A) and one genotype 
(AA) (Table 2). 

Association of HNMT genotypes and sex with 
carnosine and anserine contents in KNC-R 
We found significant influences (p<0.05) of the HNMT geno-
types with the synonymous SNP rs29009298C/T and the 
missense SNP rs736514667A/G on carnosine content in 
KNC-Rs (Table 3). Furthermore, we used the PolyPhen-2 
v2.2.3r406 [35] biotechnology tool to predict the functional 
consequence for rs736514667A/G variant which changes the 
encoded amino acid residue 30 of HNMT gene, replacing 
glutamine (Gln) by arginine (Arg). The polyphen-2 result 
reports using 2 different models (HumDiv and HumVar) 
predicted that the rs736514667A/G variant is probably dam-
aging with a score of 0.991 (sensitivity: 0.71; specificity: 0.97) 
(HumDiv) and the same variant is possibly damaging with a 
score of 0.873 (sensitivity: 0.71; specificity: 0.89) (HumVar). 
These predictions of the functional consequence for rs73651 
4667A/G variant confirms that rs736514667A/G might be a 
reasonable genetic marker for carnosine content in KNC-Rs. 
Additionally, we observed a significant association (p<0.05) 
between sex and carnosine content in KNC-Rs; females had 
higher breast-meat carnosine contents than males (Table 4). 
Because the genotyping of the HNMT-like missense SNP 
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rs737657949A/C yielded a single genotype, AA, it could not 
be used for association studies. 

DISCUSSION

HNMT and HNMT-like genes, influence the content of car-
nosine and anserine, respectively [27]. The present study 
validated the effects of these candidate genes on the carno-
sine and anserine contents in KNC-Rs. HNMT and HNMT-

like are involved in histidine metabolism [27]. The content 
of flavor precursors in raw meat, including carnosine and 
anserine, influences the flavor of the cooked meat [9-13]. 
KNC-Rs have higher contents of flavor precursors such as 
carnosine compared to broilers or other KNC lines [2]. 
 Carnosine is synthesized in muscles from L-histidine and 
β-alanine via carnosine synthase [20]; it can also be metabo-
lized by carnosinase back into alanine and histidine [18]. 
HNMT-like catalyzes carnosine methylation to produce 

Figure 1. RFLP genotyping results of HNMT (SNP rs29009298C/T, synonymous) visualized using 3% agarose gel electrophoresis from samples 
1-7 (A); PACE genotyping results for missense variants of HNMT: rs734406537G/A (B); rs736514667A/G (C); rs15881680G/A (D); and 
rs316765035T/C (E). NEG, negative control; RFLP, restriction fragment length polymorphism; HNMT, Histamine-N-methyltransferase; SNP, sin-
gle-nucleotide polymorphism; PACE, PCR allele competitive extension. DNA marker with 100 bp.
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anserine [28,30]. Histidine and histamine are two metabolites 
of carnosine [36]. Histamine is synthesized from histidine 

via histidine decarboxylase [37] and is then degraded into 
N-methyl histamine by the enzyme HNMT [37]. Hista-
mine acts as a neurotransmitter [38] and has effects on the 
immune system [37]. Moreover, histamine is an indicator 
of meat quality, freshness, and safety [39]. However, high 
amounts of histamine may be toxic, inducing allergy symp-
toms such as swelling, rash, hives, diarrhea, and headache 
[37,39,40]. Excess histamine is metabolized by either HNMT 
into N-methylhistamine or diamine oxidase into imidazole 
acetaldehyde [40,41]. Therefore, HNMT has a key role in 
histamine homeostasis to prevent the consequences of accu-
mulated histamine in the body.
 Genotyping of the HNMT gene for all five SNPs (one syn-

Table 2. Genotype and allele frequencies, and HWE for HNMT and HNMT-like genes in KNC-Rs

Gene SNP Sample size Genotype frequency Allele frequency χ2 calc.1)

HNMT rs29009298C/T  
(synonymous)

384 CC (244)  
0.64

CT (131)  
0.34

TT (9)  
0.02

C
0.80

T  
0.20

3.2

rs734406537G/A 
(missense)

384 GG (155) 
0.40

AG (194) 
0.50

AA (35)  
0.10

G  
0.66

A  
0.34

1.2

rs736514667A/G 
(missense)

384 AA (234)  
0.61

AG (138) 
0.36

GG (12) 
0.03

A 
0.79

G 
0.21

2.45

rs15881680G/A 
(missense)

384 GG (225) 
0.59

AG (139) 
0.36

AA (20)  
0.05

G 
0.77

A 
0.23

0.1

rs316765035T/C 
(missense)

384 TT (122) 
0.32

CT (192) 
0.50

CC (70) 
018

T 
0.57

C 
0.43

0.15

HNMT-like 
 (LOC771456)

rs737657949A/C 
(missense)

384 AA 
100

AC 
0

CC 
0

A 
100

C 
0

NA

Individuals with specific genotypes are shown in parentheses.
HWE, Hardy–Weinberg equilibrium; HNMT, histamine-N-methyltransferase; KNC-R, red-brown Korean native chicken; NA, not applicable.
1) χ2 calc., chi-square calculated; χ2 table (p < 0.05) =  3.84. 

Table 3. Association of HNMT genotypes with carnosine and anserine contents in KNC-Rs

Gene SNP Trait (mg/100 g) Genotypes

CC (244) CT (131) TT (9)
HNMT rs29009298C/T Carnosine 283.44 ± 56.3a 270.17 ± 56.4b 238.28 ± 34.78b

(synonymous) Anserine 721.60 ± 74.9 739.80 ± 69.02 741.27 ± 62.77

GG (155) AG (195) AA (35)
rs734406537G/A Carnosine 279.34 ± 60.91 277.60 ± 57.32 262.37 ± 51.86
(missense) Anserine 723.27 ± 84.50 736.87 ± 71.55 752.97 ± 75.32

AA (234) AG (138) GG (12)
rs736514667A/G Carnosine 282.53 ± 56.54a 267.04 ± 56.65b 234.26 ± 46.22b

(missense) Anserine 728.24 ± 81.62 735.25 ± 67.88 769.18 ± 64.55

GG (225) AG (139) AA (20)
rs15881680G/A Carnosine 274.90 ± 55.57 276.34 ± 55.02 272.22 ± 76.99
(missense) Anserine 726.62 ± 78.57 733.86 ± 81.02 738.22 ± 64.65

TT (122) CT (192) CC (70)
rs316765035T/C Carnosine 277.81 ± 57.22 278.28 ± 59.40 267.79 ± 50.76
(missense) Anserine 727.99 ± 83.74 732.87 ± 73.33 738.26 ± 67.77

Individuals with specific genotypes are shown in parentheses. 
The contents of carnosine and anserine are expressed as mg/100 g breast meat.
HNMT, histamine-N-methyltransferase; KNC-R, red-brown Korean native chicken; SNPs, single-nucleotide polymorphisms.
a,b Means within a row with different superscripts differ significantly at p < 0.05. 

Table 4. Effects of sex on carnosine and anserine contents in KNC-Rs

Sample size Trait
Sex

Male (n = 192) Female (n = 192)

384 Carnosine 269.41 ± 57.60b 286.11 ± 54.42a

Anserine 721.16 ± 65.50 735.67 ± 79.43

Individuals with specific genotypes are shown in parentheses. 
The contents of carnosine and anserine are expressed as mg/100 g 
breast meat.
KNC-R, red-brown Korean native chicken.
a,b Means within a row with different superscripts differ significantly at 
p < 0.05. 
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onymous: rs29009298C/T; four missense: rs734406537G/A, 
rs736514667A/G, rs15881680G/A, and rs316765035T/C) 
yielded three genotypes (Table 2). Based on the χ2 results, all 
SNPs of HNMT were in HWE. This may be explained by the 
absence of evolutionary drivers in the sampled population 
[42]. Additionally, selection of KNC-Rs may have led to the 
fixation of one allele (A) for the missense SNP rs737657949A/C 
of HNMT-like. KNC-Rs with the homozygous genotype CC 
of the synonymous SNP rs29009298C/T had higher carnosine 
contents compared to those with the genotypes CT and TT. 
Moreover, KNC-Rs with the homozygous genotype AA had 
higher carnosine contents compared to those with the geno-
types AG and GG for the HNMT missense SNP rs736514 
667A/G. We also found a significant effect of sex on carnosine 
content in KNC-Rs; female chickens had higher carnosine 
contents in breast meat compared to males (Table 4). These 
results agreed with those of previous researchers who reported 
higher carnosine contents in female chickens compared with 
male chickens [2,43]. 
 Carnosine influences meat quality traits such as redness 
and drip loss [24]. Moreover, carnosine and anserine are 
reportedly associated with the umami taste [25]. Thus, 
identifying SNPs and genotypes associated with higher 
carnosine and anserine contents is of major importance in 
the selection and breeding of chickens with desirable flavor 
qualities, which are typically related to healthier, stronger 
flavored meat. The limitation of our study was small sample 
size. Thus, the results (identification of the SNPs in HNMT 
gene and their association with the content of carnosine in 
KNC-Rs) of the current study must be validated in larger 
sample sizes of different populations, lines and chicken 
breeds.

CONCLUSION

Carnosine and anserine are one of the flavor precursors which 
affect the taste and flavor of the meat. Carnosine and anserine 
confer various health benefits to meat consumers. Our results 
confirmed the genetic effects of carnosine and identified 
SNPs in the HNMT gene of KNC-Rs that affect breast meat 
carnosine content. The homozygous genotype CC of the 
synonymous SNP rs29009298C/T was associated with a 
higher carnosine content compared to the genotypes CT 
and TTwhile genotype AA has a higher carnosine content 
compared to the genotypes AG and GG for the HNMT 
missense SNP rs736514667A/G. Moreover, the meat of fe-
male KNC-Rs contained higher carnosine contents compared 
to male chickens. The synonymous SNP rs29009298C/T 
and the missense SNP rs736514667A/G of the HNMT gene 
might be considered as potential genetic markers for the 
breeding of chickens with stronger flavored meat.
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