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Simple Summary: Functional meat has become an important issue in the poultry industry because
chicken meat is a rich source of carnosine. Additionally, carnosine synthesis is regulated by an
ATP-grasp domain-containing protein 1 (CARNSI). However, no studies have elucidated the role of
carnosine content and CARNS]1 in Thai native and black-bone chicken. Thus, the aim of this study
was to select and develop mating programs for functional meat in Thai chicken populations. Our
results indicated that different breeds and ages of chickens have different amounts of carnosine and
levels of CARNS1 expression. The carnosine content and CARNS1 expression decreased linearly as
chicken age increased. Moreover, a moderate correlation was observed between carnosine content
and CARNSI expression levels. Therefore, the CARNS1 gene could be used to study marker assistant
selection in the future.

Abstract: This study aimed to investigate the carnosine content and ATP-grasp domain-containing
protein 1 (CARNST) gene expression and their relationship with breast meat of Black Chinese (BC),
KU-Phuparn (KP), Pradu Hang Dam (PD), and Black Chinese x Pradu Hang Dam (Sri Mok: SM) to
aid in the selection and mating programs for developing functional meat in Thai chicken populations.
The results show that the carnosine content in each breed and breed group varied from 428.08 to
553.93 mg/100 g, whereas the relative expression of CARNS1 ranged from 0.84 to 1.56. The BC and
KP chicken breeds had a higher carnosine content (p < 0.01) and higher CARNS1 expression level
(p < 0.05) than the SM and PD chicken breeds. The carnosine content and relative gene expression for
each age ranged from 423.02 to 577.83 mg/100 g and 0.68 to 1.83, respectively. At 4 weeks of age, the
carnosine content (p < 0.01) and gene expression (p < 0.05) were the highest. However, they decreased
as chicken age increased further. The carnosine content and gene expression linearly decreased as
chicken age increased (p < 0.01). The correlation coefficient between the level of gene expression and
carnosine content was moderately positive. The results from this study showed that different breeds
and ages of chickens have different amounts of carnosine, and CARNS1 could act as a biomarker to
study marker-assisted selection to improve functional meat in the chicken population in Thailand.

Keywords: carnosine; CARNSI; gene expression; black-bone chicken; Thai native chicken

1. Introduction

Recently, functional meat has become an important issue in the poultry industry world-
wide with the increase in consumer demand for high-quality, healthy poultry products.
Generally, the skeletal muscles of vertebrate animals have numerous bioactive compounds,
especially in chicken meat, which is considered a source of some important bioactive
substances such as carnosine [1].

Carnosine is an abundant dipeptide in the skeletal muscle and brain of vertebrates
which is synthesized from (3-alanine and L-histidine by carnosine synthase [2]. It plays an
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important role in physiological functions such as pH buffering, anti-aging, anti-glycation,
anti-inflammation, and antioxidation and has anti-fatigue and neurotransmitter func-
tions [3,4]. Carnosine is used in medicinal applications for treating diseases such as
diabetes, Alzheimer’s disease, aging, cancer, and other chronic diseases [5,6]. In addition,
it is used in muscle rehabilitation for athletes and the elderly [7,8]. At present, poultry
producers aim to increase the carnosine content in chicken meat to meet the consumer
demands for healthy food. Several studies have reported that approaches for the develop-
ment of high nutrient meat such as the supplementation of precursors in the synthesis of
carnosine in the feed [9,10] and using breeding programs can be implemented to improve
genes related to bioactive compounds [1]. Selection programs have been employed to
develop native chicken breeds in numerous Asian countries because the meat quality of the
native chicken was popular with consumers and some bioactive substances were higher
than those in broiler chickens [11,12].

Recently, several studies reported that the carnosine content in chicken breast meat
ranged from 130.00 to 798.30 mg/100 g [1,11]. The variations in the amount of carnosine in
chicken breast meat differ based on the breed, sex, and age [13-15]. Previous studies on
broiler breast muscle found that the carnosine synthase 1 (CARNSI) gene, also known as
ATP-grasp domain-containing protein 1 (ATPGD1) gene, is involved in the synthesis of
carnosine using ATP [2]. No studies have investigated the expression of CARNS1 in chicken
breast muscles. Thailand is considered a genetically diverse source of chickens among
Asian countries. Currently, researchers have attempted to extract benefits from native
chickens in the country by producing functional meat to meet the increase in consumers’
demand around the world by focusing on the development of Thai native and black-bone
chicken breeds that contain high bioactive substances.

However, no study has focused on the carnosine content and the expression of
CARNS1 with respect to carnosine syntheses in Thai native and black-bone chicken breeds
in Thailand. Thus, the objective of this study was to assess the carnosine content, CARNS1
expression, and their relationship with breast meat of two black-bone chicken breeds (Black
Chinese and KU-Phuparn), one Thai native chicken breed (Pradu Hang Dam), and one
crossbred group (Black Chinese x Pradu Hang Dam, or Sri Mok) to aid in the selection
and in mating programs for developing functional meat from Thai chicken populations.

2. Materials and Methods
2.1. Animal Management

This study was approved by the ethics committee of Khon Kaen University (Approval
no. IACUC-KKU-35/62). Four genotypes of chicken were evaluated in this study, including
the two black-bone chicken breeds (Black Chinese: BC and KU-Phuparn: KP), one native
chicken breed (Pradu Hang Dam: PD), and one crossbred group (Black Chinese x Pradu
Hang Dam or Sri Mok: SM). One hundred chickens per breed or breed group were used
in this study. The housing was an open-air system under typical conditions of Thailand.
There were four pens per breed or breed group and 25 chickens per pen (day-old mixed
sex). The chickens were fed ad libitum with commercial diets formulated for the native
chicken: first period 21% CP, 3200 kcal metabolizable energy (ME)/kg (04 weeks), and
second period 18% CP, 3200 kcal ME/kg (4-16 weeks) (Table 1).

Table 1. Commercial diets formulated for the native chicken.

Details First Period (0—4 Weeks) Second Period (4-16 Weeks)
Crude protein (CP) (%) 21 18
Metabolizable energy (ME)
(keal/kg) 3200 3200
Crude fat (%) 3 2
Crude fiber (%) 6 7

Moisture (%) 13 13
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2.2. Tissue Collection

Sixteen chickens (8 male and 8 female chickens) of each breed/or breed group were
randomly selected and slaughtered at 4, 8, 12, and 16 weeks of age; thus, a total of
64 samples per breed were used. The breast muscle samples were immediately collected
and stored at —80 °C until further laboratory processing and analysis.

2.3. Carnosine Extraction and Purification

Extraction and purification were performed using the method described in [14]
and [16] with slight modifications. Minced breast meat samples (2.5 g) were homoge-
nized in 10 mL deionized distilled water using a WiseTis HG-15 D homogenizer (Wisd,
Witeg, Wertheim, Germany) at 25,000 rpm for 1 min in a 15 mL polyethylene tube and
centrifuged at 9989 ¢ for 5 min at 4 °C. The supernatant was collected and incubated
at 80 °C for 10 min in a temperature-controlled water bath, followed by centrifugation at
9989 x g for 5 min at 4 °C. Then, 1 mL supernatant was filtered through a nylon syringe
filter (0.45 um, Whatman, Maidstone, UK) into a vial tube of 1.5 mL and stored at —20 °C
for HPLC analysis.

2.4. HPLC Analysis

An Agilent 1260 Infinity High Performance Autosampler (Agilent Technologies Deutsch-
land GmbH, Waldbronn, Germany), a ZORBAX Eclipse Plus C18 column (4.6 x 150 mm, 5 umy;
Agilent, Santa Clara, CA, USA), and a diode array detector (Agilent, Santa Clara, CA, USA)
were used for HPLC analysis. Twenty microliters of the extracted solution were injected into
the HPLC column with 0.05 M K,HPOj, as a mobile phase at a flow rate of 0.8 mL/min. The de-
tection was conducted at 211 nm. The content of compounds was calculated using the standard
curve for L-carnosine (r? = 0.99) obtained from Sigma-Aldrich Co. (St. Louis, MO, USA).

2.5. RNA Extraction

Total RNA was extracted from frozen breast muscle tissue (200 mg) samples. Eight
breast muscle tissue samples (from 4 male and 4 female chickens) were randomly selected
from each breed or breed group at 4, 8, 12, and 16 weeks of age using the Gene]ET RNA
Purification Kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the manu-
facturer’s instructions. The RNA purification and concentration were verified using a
spectrophotometer (NanoDrop™ 2000/2000c, Thermo Fisher Scientific, Waltham, MA,
USA) where absorbance was measured at 260 and 280 nm. The extracted RNA concentra-
tion was at least 100 ng/uL. High-quality RNA should have an A260/A280 ratio greater
than 1.9, indicating that the RNA is high purity.

2.6. Quantification of mRNA Expression

The one-step quantitative reverse transcription PCR (qRT-PCR) technique was used
to measure gene expression level using Bio-Rad CFX96 Touch Real-Time PCR Systems
(Bio-Rad, Hercules, CA, USA). The reaction was performed in a volume of 20 pL containing
10 pL of 2x SensiFAST™ SYBR® No-ROX One-Step Mix (Bioline, Taunton, MA, USA),
1 uL (400 nM) of each primer, 0.2 puL reverse transcriptase, 0.4 pL RiboSafe RNase inhibitor,
3.4 uL DEPC-treated water, and 4 pL (20 ng/uL) RNA template. The cycling condition
consisted of a cDNA synthesis step at 50 °C for 10 min, a polymerase activation step at
95 °C for 5 min, and then PCR cycling for 40 cycles of 95 °C for 10 s, 58 °C for 25 or
30 s. Melting curves were generated at 65 °C to 95 °C. Each sample was analyzed in
duplicate. The relative amount of mRNA expression was expressed as quantification cycle
(Cq) values obtained by quantitative real-time PCR (qPCR) analysis and were normalized
to the corresponding values of the housekeeping genes (18 S rRNA). The relative gene
expression value was calculated using the 2-AACT method [17] and used the PD breed
as the control. Gene-specific primers were designed using Primer-BLAST NCBI, and the
primer sequences are described in Table 2.
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Table 2. Gene and primer sequences used for qRT-PCR.
Gene Primer Sequence (5'—> 3') Chr  GeneBankID  Product (bp)
CARNS1 F: TGCCCTGGAAGAATTTGTGC 5 NM_001172593.1 170
R: ACAGCAACCAGCGAGAGAG
18 STIRNA  F: CGGCGACGACCCATTCGAAC 16 XR_003078044.1 99

R: GAATCGAACCCTGATTCCCCGTC

2.7. Statistical Analysis

Carnosine content and the relative gene expression values (2-44¢T) were analyzed
using the generalized linear model to investigate the effects of breed, age, sex, and all
interactions. The impact of age on the gene expression was analyzed by evaluation us-
ing orthogonal polynomials, and the correlation between carnosine content and relative
gene expression value was analyzed using Pearson correlation (SAS V.9.4, SAS Institute,
Cary, NC, USA).

3. Results
3.1. Carnosine Content in Breast Meat

In this study, the carnosine contents of breast meat analyzed by HPLC (Figure 1) varied
from 352.9 to 637.2 mg/100 g (Table 3). All possible interactions among breed, sex, and age
did not significantly affect the carnosine content in chicken breast meat (p > 0.05). The main
factors evaluated in this study showed that the influence of breed and age significantly
affected the carnosine content (p < 0.001) (Table 3). BC and KP did not differ in terms of the
carnosine content; however, their carnosine contents were higher than those of SM and PD
(p < 0.001). Meanwhile, SM and PD were not different in terms of the carnosine content.
Additionally, we studied the effect of age on the carnosine content. At 4 and 8 weeks of
age, a higher carnosine content was observed when compared to that at 12 and 16 weeks of
age. The carnosine content response decreased as age increased; that is, a negative linearity
was observed between carnosine content and age (p < 0.0001) (Figure 2).

Mobile phase: 0.05 M K;HPOy; flow rate: 0.8 mL/min; detection: UV absorbance at
211 nm.

Carnosine

= 1.947
=2.206 <=

Minutes

Figure 1. HPLC chromatogram of carnosine extracted from breast muscle samples.
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Table 3. Carnosine content (mg/100 g) (Mean + SD) of breast meat from Pradu Hang Dam (PD), Sri Mok (SM), Black-Chinese

(BC), and KU-Phuparn (KP) chickens at different ages and sexes of chickens.

Ages (Weeks) Effect 2
Breeds Sexes AVG (B) ! SEM
4 8 12 16 B A S Intac
PD M 505.5 4+ 140.7  490.5 + 83.6 336.4 + 87.2 373.0 +85.3 428.08 +
F 510.7 £51.6 489.8 £ 1024 369.5+156.4 349.1 +£134.1 1269Y
SM M 5379 £91.4 521.0 £ 87.9 400.5 £+ 135.3 4019 + 694 458.82 +
F 5315+ 138.6 511.7 1171 3753 +108.0 390.6 + 115.0 12425
BC M 638.6 +119.3  593.0 +£104.3 506.1 +131.8  480.2 + 136.2 553.93 +
F 635.6 941 594.8 +119.5 501.5+119.7 481.3 +159.1 139.8 %
KP M 626.7 £ 75.3 592.7 £73.9 4914 + 1539 443.6 +126.7 546.98 +
F 635.6 + 124.6  593.4 £+ 152.2 527.7 + 83.8 464.5 +96.4 129.5%
AVG (A) 1 577.8 :;: 1175 548.4 :all: 111.6  438.6 :li: 1375 423.0 :g: 121.7 15.8
SEM 15.8
p-Value %% L ns ns

1 AVG (B) = Mean =+ SD of breed and breed group; AVG (B) = Mean £ SD of ages; SEM = standard error of mean. 2 P = effect of
pen, B = breed or breed group, A = age, S = sex, Intac = All levels of interaction (P x B, ..., P x B x A x S), ns = not significant
#+ 1 < 0.001. P Means within a column lacking a common superscript differ (p < 0.01); *¥ Means within a row lacking a
common superscript differ (p < 0.01).
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Figure 2. Trends of carnosine content with increasing age. PD = Pradu Hang Dam breed (Thai
native chicken); SM = Sri Mok crossbred (crossbred between BC and PD); BC = Black-Chinese breed
(black-bone chicken); KP = KU-Phuparn breed (black-bone chicken). A significant negative linearity
was observed in this study (p < 0.0001).

3.2. Expression Level of CARNS1

In the present study, we evaluated the expression of CARNST in chicken breast meat.
The relative expression level of CARNSI for carnosine content for the different ages is
shown in Figure 3. At 4 and 8 weeks of age, BC had the greatest gene expression level, but
it did not differ from that of KP. The gene expression levels of both BC and KP were higher
than those of PD and SM. In contrast, at 8 weeks of age, SM was not different from KP. At
12 weeks of age, KP had a higher gene expression level than PD and SM; however, it did
not differ from that of BC. At 16 weeks of age, the gene expression level of BC was higher
than that of PD, but not different from those of KP and SM. At all weeks of age, PD had the
lowest gene expression level, but it did not differ from that of SM. Additionally, the gene
expression had a negative linear relationship with increasing age (p < 0.0001) (Figure 4).
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Figure 3. Gene expression level of CARNSI in breast meat from Pradu Hang Dam (PD), Sri Mok (SM),
Black-Chinese (BC), and KU-Phuparn breeds (KP). ab.c Means within a column lacking a common
superscript differ (p < 0.01).
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Figure 4. Trend of expression level of CARNS1 with increasing age. PD = Pradu Hang Dam breed
(Thai native chicken); SM = Sri Mok breed (crossbred between BC and PD); BC = Black-Chinese breed
(black-bone chicken); KP = KU-Phuparn breed (black-bone chicken). A significant negative linearity
was observed in this study (p < 0.0001).

3.3. Correlation between Gene Expression Level and Carnosine Content

The results of the correlation analysis show that the expression level of CARNS1
significantly affected the variability of carnosine content in breast muscle of all chicken
breeds used in this study (p < 0.01), and the correlation coefficient showed a moderate to
high correlation ranging from 0.48 to 0.90 (Figure 5). The expression level of CARNST can
explain 48% to 90% of the variance in the carnosine content. Additionally, the correlation
coefficient value had a decreasing trend with increasing age.
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Figure 5. Correlation between carnosine content and expression level of CARNS1. PD = Pradu Hang Dam breed (Thai
native chicken); SM = Sri Mok breed (crossbred between BC and PD); BC = Black-Chinese breed (black-bone chicken);
KP = KU-Phuparn breed (black-bone chicken); 4 WK = 4 weeks of age; 8 WK = 8 weeks of age; 12 WK = 12 weeks of age;
16 WK = 16 weeks of age; r = correlation coefficient: * p < 0.05, ** p < 0.01.

4. Discussion

In this study, we observed higher levels of carnosine content than those observed
in previous studies in commercial Korean native chicken [18], 5 lines of Korean native
chicken [1], black-bone Silky fowl [14], and broiler chicken [11]. However, the content was
lower than that reported in Thai indigenous and hybrid native chickens [13] and Silky
fowl [11]. Therefore, this implied that variations in the amount of carnosine may be caused
by different genetic backgrounds, which may be a key determinant.

Previously, several studies reported that the carnosine content was affected by breed,
sex, and age (13-15). The authors of [11] studied the effects of chicken breed on carnosine
content and reported that the Silky fowl—a member of the black-bone chicken—had a
higher amount of carnosine when compared to the Japanese native chicken and broiler.
In [14], the amount of carnosine in muscle was compared between Silky fowl and White
Plymouth Rock; the authors reported that Silky fowl had a higher carnosine content by
approximately 2.2-fold than White Plymouth Rock. The results of this study corresponded
with those of previous studies, confirming that the black-bone chicken (BC and KP chicken
breeds) had higher carnosine content than other breeds used in this study which were raised
under the same conditions. Therefore, the breed affected the carnosine content in each
chicken breed because of the internal factors involved such as enzymes and transporters
in the carnosine synthesis pathway such as carnosine synthase (CARNS), carnosinase-2
(CNDP2), beta-alanine transaminase (ABAT), histidine decarboxylase (HDC), the beta-
alanine transporters (TauT ATBO + and PAT1), and the carnosine or histidine transporters
(PEPT1, PEPT2, PHT1 and PHT?2) [19] and the composition of muscle fiber types [20].
In [21], the authors reported that type II muscle fiber contains more carnosine than muscle
fiber type L. Therefore, further studies are required to elucidate the different biological basis
related to carnosine content among the chicken breeds.

Additionally, we showed that increased age affected the carnosine content. Our
results were in agreement with [5], who reported that the amounts of carnosine in chicken
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meat decreased as age increased. Previous studies demonstrated the effects of age on
the carnosine content in skeletal muscles. In [20], the authors reported that carnosine
content decreased when age increased because of a reduction in the proportion of type II
muscle fiber in chicken muscle. Moreover, in [22], the authors observed a strong positive
correlation between carnosine content and the type II muscle fiber fraction in human
muscle. However, the proportion of muscle fiber type depends on the activities of each
age of chicken such as fighting, flying, and feed searching and survival behaviors. These
activities increase physical activity, leading to the proliferation of blood capillaries to supply
oxygen to muscle fibers, which changes the glycolytic muscle fibers to oxidative muscle
fibers, resulting in a change in the muscle fiber type [20,23]. This may be one reason that
explains the decline in carnosine levels with increasing age; however, the exact reason
remains unclear. As the organisms mature, numerous metabolic changes become involved.

The effect of sex on the carnosine content in this study agreed with the results of [24],
in which it was reported that there was no significant effect of sex on the carnosine content
in Korean native chicken meat. Additionally, a previous study reported the same result in
a bovine sample [25]. In contrast, Ref. [13] showed that sex had a significant effect on the
carnosine content in Thai indigenous and hybrid native chickens and was consistent with
the results of [1], who reported that the carnosine content in females was higher than that
in males in five lines of the Korean native chicken. Therefore, these results suggest that the
effect of sex on the carnosine content in animal skeletal muscle may differ depending on
the strain and species.

The varying gene expression in chicken breeds from this study may be due to the
diverse genetic background. Additionally, the increased age affected the expression levels
of the CARNSI gene. This result demonstrated that this gene played an important function
in the early stage of development in chicken muscle. Currently, several studies have
reported that age-related gene expression levels are important for the survival of organisms.
In [26], it was reported that as the cells of an organism age, a process of homeostasis
controls the concentration of reactive oxygen species (ROS) and other metabolites involving
numerous metabolic pathways, and these processes are specific to species and tissue, which
leads to changes in the gene expression in the regulatory network, which vary with age.
Additionally, [27] reported that genetic changes occurring during aging affect an organism’s
survival such as DNA damage and telomere shortening, resulting in the alteration of gene
expression. Furthermore, [28] reported that epigenetic modifications are regulated by the
metabolism process and play a key role in the aging process, thus leading to a difference in
gene expression levels during the cell cycle. Numerous aging variables are associated with
gene expression levels. However, there is no evidence of age-related expression level of
CARNS1 in chickens. Therefore, further studies are required to investigate the cause of the
phenomenon. In addition, no study has reported the relationship between sex and CARNS1
expression in chickens and other species. Therefore, the result of CARNSI expression levels
obtained in this study was consistent with the carnosine content level in breast muscle not
being different between males and females in the population of chickens used in this study.

Currently, Ref. [29] reported that in a general organism, the concentrations of proteins
correlated with the mRNA level were approximately 40%, and the variation in the protein
levels in the cell cannot be explained by mRNA levels only. The carnosine synthesis and
content in muscle involves many factors including enzymes and protein transporters that
are regulated by many genes [19]; in addition, the beta-alanine concentration in the body
leads to variations in the mRNA level of the carnosine-synthesis gene [10]. Additionally,
gene expression involves the activity rate of cellular processes including transcription,
mRNA degradation, and translation, and the protein level depends on the translation and
protein degradation rate [30]. Moreover, Ref. [31] reported that the varying ratio of muscle
fiber types might influence the variation in the gene expression associated with carnosine
synthesis. At present, no study has focused on the correlation of mRNA levels of CARNS1
and carnosine content in chickens and other species.
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5. Conclusions

This study showed that breed and age had significant effects on the levels of carnosine
content (p < 0.01) and CARNSI gene expression (p < 0.01). BC and KP breeds, which are a
group of black-bone chicken breeds, can be considered a superior source of carnosine when
compared to SM and PD breeds. In addition, the correlation between carnosine content
and CARNSI gene expression levels decreased as age increased with a negative linearity.
Furthermore, CARNS1 gene expression was significantly correlated with carnosine content
with a moderate to high positive correlation (p < 0.01). Therefore, the carnosine content
could be possibly employed as an economic trait in the breeding plan, and CARNS1 could
be used as a gene marker to study marker-assisted selection to improve functional meat
quality of the chicken population in Thailand.
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