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Endogenous functional compounds in Korean
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thermal processing and meat cut
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Abstract

BACKGROUND: In this study the effects of sex, meat cut and thermal processing on the carnosine, anserine, creatine, betaine and
carnitine contents of Korean native chicken (KNC) meat were determined. Forty 1-day-old chicks (20 chicks of each sex) from a
commercial KNC strain (Woorimatdag™) were reared under similar standard commercial conditions with similar diets, and ten
birds of each sex were randomly selected and slaughtered at 14 weeks of age. Raw and cooked meat samples were prepared
from both breast and leg meats and analyzed for the aforementioned functional compounds.

RESULTS: Female KNCs had significantly higher betaine and creatine contents. The breast meat showed significantly higher
carnosine and anserine contents, whereas the leg meat had a higher betaine and carnitine content. The content of all functional
compounds was significantly depleted by thermal processing.

CONCLUSION: This study confirms that KNC meat is a good source of the above-mentioned functional compounds, which can be
considered attractive nutritional quality factors. However, their concentrations were significantly affected by thermal processing
conditions, meat cut and sex. Further experiments are needed to select the best thermal processing method to preserve these
functional compounds.
© 2014 Society of Chemical Industry
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INTRODUCTION
Meat from indigenous chicken breeds has captured a unique place
in the meat industry of many countries in recent years.1 Many con-
sumers are willing to pay a higher price for indigenous chicken
meats owing to their distinct meat characteristics.1,2 For example,
Korean consumers prefer Korean native chicken (KNC) meat to
commercial broiler meat.2,3 Several researchers have conducted
experiments on the quality characteristics of KNC meat during
the past few years and revealed that KNC has nutritional qualities,
including its unique flavor and texture.2,3 Concurrently, there has
been an increase in research interest in the endogenous functional
compounds found in meat, such as carnosine, anserine, creatine,
taurine, ubiquinone, betaine and carnitine.4 – 7 However, the lit-
erature regarding the presence of these endogenous functional
compounds in native chicken breeds is sparse, particularly for
KNCs. Recently, Jung et al.8 compared the carnosine, anserine and
creatine contents of raw meat from five different pure-line KNCs.

Recent research findings have conveyed the potential health
benefits and functional characteristics of these endogenous com-
pounds present in meat. Histidine-derived dipeptides such as
carnosine and anserine have strong buffering and antioxidant
properties.7 Furthermore, carnosine has a strong defense mech-
anism against glycation and oxidation9 in addition to anti-aging
properties.4 Anserine is the most abundant histidine dipeptide
found in most types of poultry meat, including KNC.8 Creatine

and creatine phosphate are vital for metabolism in the skeletal
muscle, which provides the energy necessary for vigorous muscle
contraction.10 There is evidence that creatine can provide certain
sensory properties to food, contributing to the overall flavor of
meat extracts.11

Carnitine plays a vital role in fatty acid metabolism in animals,
transporting long-chain fatty acids across the inner mitochondrial
membranes for 𝛽-oxidation.12 In addition, it has a strong buffering
potential against excess acetyl group formation during exercise.13

In most animal species, considerably higher carnitine concen-
trations have been found in the skeletal muscles than in other
tissues.12 Betaine acts as an osmolyte that protect cells, proteins
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and enzymes from environmental stress. Being a methyl donor,
betaine is also involved in the methionine cycle,14 and Alirezaei
et al.15 reported that it has the potential to improve the growth
performance and fat distribution of broilers.

Previous studies have shown that the content of the
above-mentioned functional compounds is generally determined
by several factors, including species, breed, age, sex, muscle type
and thermal processing.4,6,11,14,16 – 18 Although the effects of sex
and meat cut on the abundance of some of these functional
compounds in raw KNC meat was studied,8 their availability after
thermal processing has not yet been well established. Therefore
the aim of this study was to evaluate the effects of sex, thermal
processing and meat cut on the carnosine, anserine, creatine,
betaine and carnitine contents of KNC meat.

EXPERIMENTAL
All experimental procedures performed during this study followed
the recommendations described in ‘The Guide for the Care and Use
of Laboratory Animals’ published by the Institutional Animal Care
and Use Committee (IACUC) of the NIAS (2012-C-037) in Korea.

Livestock and farming conditions
The KNCs used in this study were of a certified meat-type com-
mercial strain (Woorimatdag™). During the study, the birds were
raised under similar standard commercial conditions of temper-
ature, humidity, ventilation and feeding at a commercial chicken
farm (Gimcheon, Korea). In addition, similar chicken care facil-
ities and procedures were carried out to meet or exceed the
standards established by the Committee for Accreditation of
Laboratory Animal Care at the National Institute of Animal Science
in Korea.

Forty 1-day-old chicks (20 chicks of each sex) were allotted to five
floor pens (four chicks of each sex per pen) within a single house.
Chicks were fed ad libitum with commercial starter (3100 kcal
metabolizable energy (ME) kg−1, 230 g kg−1 crude protein (CP)
during week 1), grower (3200 kcal ME kg−1, 200 g kg−1 CP during
weeks 2 and 3) and finisher (3200 kcal ME kg−1, 180 g kg−1 CP from
week 4 onwards) diets. In addition, the birds had free access to
drinking water during the study period. The litter was regularly
checked and maintained. Additional litter material was added if
the birds were visibly dirty. The birds had no access to the outdoor
environment.

Sample preparation
At 14 weeks of age, two birds of each sex were randomly selected
from each of the five replicate pens (i.e. a total of ten birds of each
sex). After withdrawing their feed for a period of 10 h, the birds
were exsanguinated using a conventional neck-cut method and
bled for 2 min. The carcasses were then manually defeathered and
eviscerated, during which time the sex of each bird was confirmed.
Following an air-chilling period of 24 h at 4 ∘C, the carcasses were
vacuum packed and stored in a freezer at −20 ∘C until further
analysis.

Each frozen carcass was thawed in a refrigerator (4 ∘C) for 24 h
and split into two halves. Samples of raw breast and leg meat were
separately prepared by dissecting each muscle from the left half
of each carcass. After trimming the visible skin, fat and connective
tissues, the raw meat samples from each carcass were minced sep-
arately with a CH180 mini-chopper (Kenwood, Shenzhen, China)
and used for the analysis.

The cooked meat samples were prepared using the remain-
ing halves of the 20 birds. They were cooked separately in water
(1:1.5 w/v) for 40 min until a core temperature of >72 ∘C was
reached, which represented the domestic boiling conditions for
KNC meat. The temperature of the meat was measured using a
YF-160A Type-K digital thermometer (YFE, Hsin-Chu City, Taiwan).
The carcasses were then vacuum packed and cooled under run-
ning water. Finally, the breast and leg meats were separately dis-
sected and deboned from each of the cooked half-carcasses. The
cooked meat samples were manually chopped into small pieces
and then used for the analysis.

Determination of carnosine, anserine and creatine contents
The contents of carnosine, anserine and creatine were determined
using the modified method of Jung et al.8 Each meat sample (2.5 g)
was homogenized separately with 7.5 mL of 0.01 mol L−1 HCl using
a T25b disperser (IKA Works (Asia) Sdn. Bhd., Rawang, Malaysia)
set at 1130× g for 1 min and then centrifuged at 17 030× g
for 15 min (HM-150IV, Hanil Science Industrial Co. Ltd, Incheon,
Korea). The supernatant (250 μL) was mixed with 750 μL of ace-
tonitrile. Following a storage period of 20 min at 4 ∘C and cen-
trifugation at 10 000× g for 10 min, the supernatant was injected
into an Atlantis HILIC silica high-pressure liquid chromatography
(HPLC) column (4.6 mm× 150 mm, 3 μm; Waters Corp., Milford, MA,
USA) using a 1525 pump and a 717 plus autosampler (Waters
Corp.). The partitioned fractions were detected using a 2487 diode
array detector (Waters Corp) at 214 nm to determine the crea-
tine, carnosine and anserine contents. A gradient elution was per-
formed where mobile phase B was supplied at 1.2 mL min−1 for
16 min with a linear gradient (0–100%) in a background of mobile
phase A. Mobile phase A was 0.65 mmol L−1 ammonium acetate
in water/acetonitrile (25:75 v/v, pH 5.5) and mobile phase B was
4.55 mmol L−1 ammonium acetate in water/acetonitrile (70:30 v/v,
pH 5.5). Standards (carnosine, anserine and creatine) were pur-
chased from Sigma (St Louis, MO, USA). The content of each com-
pound in a sample was determined using the standard curve
derived from the respective standard.

Determination of betaine and carnitine contents
The betaine and carnitine contents of each meat sample
were determined using the method described by Li et al.19

with some modifications. First, the meat samples (3 g) were
homogenized separately in 10 mL of precipitating reagent (ace-
tonitrile/methanol solution, 9:1 v/v) at 1130× g for 30 s (IKA Works
(Asia) Sdn. Bhd.) and centrifuged at 2090× g for 5 min (HM-150IV,
Hanil Science Industrial Co. Ltd). The supernatant was filtered
into a 20 mL volumetric flask through a funnel plugged with
glass wool. This procedure was repeated after adding 10 mL of
precipitating reagent, and the supernatant was collected into the
same volumetric flask. This filtrate was made up to 20 mL with the
precipitating reagent, and 2 mL of the resulting solution was thor-
oughly mixed with 0.810 g of Na2HPO4 and 0.090 g of Ag2O (9:1
w/w) in a 15 mL tube. The sample tubes were air dried in a shaking
machine without their caps for 30 min and then centrifuged at
2090× g for 5 min. The supernatant (0.5 mL) was added to 0.5 mL
of derivatizing reagent (1.39 g of 2,4′-dibromoacetophenone and
0.066 g of 18-crown-6 in 100 mL of acetonitrile) in a 15 mL tube
and vortex mixed. The mixture was heated at 80 ∘C for 60 min
in a water bath and then cooled for 5 min under running water.
This mixture was filtered through a 0.2 μm membrane filter and
analyzed in an HPLC system to determine the betaine and car-
nitine contents. The HPLC system used was the same as that for
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determination of the carnosine, anserine and creatine contents,
except that the partitioned fractions were detected at 254 nm.
An isocratic elution was performed where the mobile phase was
a 9:1 (v/v) mixture of 25 mmol L−1 ammonium acetate (adjusted
to pH 3 using formic acid) and acetonitrile. The mobile phase
was supplied at 1.4 mL min−1 for 20 min. Standards (betaine and
L-carnitine hydrochloride) were obtained from Sigma. The betaine
and carnitine contents were calculated using a standard curve for
each compound.

Statistical analysis
The effects of sex, cooking and meat cut were estimated using
a three-way analysis of variance (ANOVA) model and the general
linear model (GLM) procedure in SAS 9.3 (SAS Institute Inc., Cary,
NC, USA). Mean separation was performed using Tukey’s multiple
range test (P < 0.05). All tables report the mean values and stan-
dard errors of the mean (SEMs).

RESULTS AND DISCUSSION
In the present study we examined the effects of sex, type of
meat cut and thermal processing on the content of endogenous
functional compounds in KNC meat (Table 1). The sex of the bird
had a significant effect on the creatine and betaine contents but
not on the histidyl dipeptide and carnitine contents. The type of
meat cut significantly affected the abundance of all functional
compounds tested in this study, except for creatine. In addition,
thermal processing significantly reduced the final concentration of
these endogenous compounds.

Effect of meat cut
The carnosine and anserine contents of the leg meat were sig-
nificantly lower than those of the breast meat (Table 1), irrespec-
tive of the sex and the cooking state. The breast meat had more
than twice the carnosine content of the leg meat (Table 1). Similar
results suggesting that the histidyl dipeptide content differs signif-
icantly between these two meat cuts of KNCs have been reported
previously.8 Moreover, white muscles have been shown to express
higher levels of carnosine20,21 and anserine22,23 than dark muscles.
The higher carnosine and anserine content of the KNC breast meat
could be caused by the clear-cut difference between the breast
and leg muscles with respect to the muscle fiber composition.8 The
breast muscle is mainly made up of fast-twitch glycolytic muscle
fibers (type IIB), whereas the leg muscle contains more slow-twitch
oxidative muscle fibers (type I).24 Therefore anaerobic energy
delivery is more important in the breast muscle18 and hence the
breast meat needs higher levels of carnosine and anserine,4,25

which are well-known pH buffers in muscle systems,18,25 to neu-
tralize the pH changes caused by the accumulation of lactic acid.

No difference was found in the creatine content between the
KNC breast and leg meats in this study (P > 0.05) (Table 1). Simi-
larly, KNCs were recently demonstrated to have comparable levels
of creatine in their breast and thigh meats.8 In another study the
creatine content did not differ significantly between the type I
and II muscle fibers of rodents.26 In contrast, glycolytic muscles of
pigs had a higher creatine content than their oxidative muscles.5

The demand for higher levels of phosphocreatine for immediate
regeneration of ATP in type II muscle fibers results in the higher
creatine content of glycolytic muscles.10,11 Hence these results
suggest that the effect of meat cut on the creatine content may
vary depending on the animal species.

Table 1. Carnosine, anserine, creatine, betaine and carnitine
contents (g kg−1) of Korean native chicken meat as affected by
sex, meat cut and degree of thermal processing

Sex Meat cut Thermal processing

Compound Male Female Breast Leg Raw Cooked SEM

Carnosine 1.02 1.15 1.48a 0.69b 1.27a 0.91b 0.103

Anserine 3.59 3.93 5.24a 2.27b 4.28a 3.23b 0.254

Creatine 2.85b 3.20a 2.99 3.06 3.73a 2.32b 0.078

Betaine 0.07b 0.09a 0.05b 0.11a 0.09a 0.06b 0.001

Carnitine 0.08 0.08 0.06b 0.10a 0.09a 0.07b 0.002

Mean values in the same row with different letters within each effect differ
significantly (P < 0.05). SEM, standard error of mean (n= 20).

The KNC leg meat had significantly higher betaine and carnitine
contents than the breast meat (Table 1). Meat from the drumstick
and thigh of broilers had a higher choline content than breast
meat.27 Hence this may be the cause of the greater betaine content
of the KNC leg meat, since choline is endogenously converted to
betaine.28 Similarly to current data, the red muscle from laying
hens had a significantly higher carnitine content than the white
muscle.12 The higher carnitine content in the KNC leg meat can
be explained by the greater fat and type I fiber content of the leg
muscles. Type I fibers contain greater numbers of mitochondria
than type II fibers, enabling them to produce more acetyl groups.13

As leg muscles are rich in type I fibers,24 they require more carnitine
to buffer the excess acetyl groups that are produced.13 This has
been confirmed by the greater accumulation of acetylcarnitine
(P < 0.05) in type I fibers during prolonged exercise.13 Rigault et al.6

reported greater amounts of carnitine in high-fat meat cuts in
comparison with lean cuts, confirming a correlation between the
carnitine and fat contents of beef cuts. The KNC leg meat also had
a higher fat content than the breast meat.3

Effect of sex
The effect of sex on the carnosine and anserine content of KNC
meat (Table 1) is in agreement with several previous studies of
the histidyl dipeptide content in the meat of several other species
and strains; no significant effect of sex was found on the carnosine
content of equine and bovine meat29,30 and on the anserine
content of meat from five pure-line KNCs.8 In contrast, female birds
from the same pure-line KNCs had a greater carnosine content
in their meat than male birds,8 whereas male animals contained
higher carnosine contents in their muscles compared with females
in rats31 and humans.32 Hence this suggests that the effect of sex
on the carnosine content of skeletal muscle may vary depending
on the animal species and the strain.

In humans, males contain a higher proportion of fast-twitch
type IIB muscle fibers.18 Therefore it was expected that male KNCs
would also have a higher type IIB muscle fiber content and thereby
a higher creatine content in their meat than females. However,
female KNCs showed a significantly higher creatine content in
their meat than males (Table 1). Conversely, in five of the pure-line
KNC strains studied, the sexes showed similar creatine contents
of their meat (P > 0.05).8 Therefore it might be proposed that the
effect of sex on the creatine content of meat is influenced by
the strain of KNCs. However, further investigations are needed
to find out the reasons for the above-mentioned contradictions
regarding the effect of meat cut and sex.
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As shown in Table 1, female birds possessed higher levels of
betaine in their meat than males, irrespective of the meat cut
or the cooking state of the meat. This can be attributed to
the superior ability of females to produce phosphatidylcholine
endogenously,28 which would result in higher levels of choline
through the action of phospholipase D. Therefore higher choline
levels in females may eventually yield a higher betaine content in
their meat compared with that of males.

In contrast to our result showing a comparable carnitine content
between male and female KNCs, several other researchers have
demonstrated an effect of sex on the carnitine content of meat
from several other species. Males of the Angus breed of cattle
have been shown to have a higher carnitine content in their beef
than female cattle.33 Furthermore, the carnitine content of plasma
and of the heart and skeletal muscles was higher in male than in
female rats.34 In addition, it was reported that the carnitine content
increased with the age of the animal.33 Hence the contradictory
result found in this study compared with previous experiments
regarding the effect of sex on carnitine content of meat is likely
be due to the differences in age of the animals. However, future
studies are required to confirm this phenomenon.

Effect of thermal processing
The significant depletions observed in the carnosine, anser-
ine, betaine and carnitine contents of KNC meat during boiling
(Table 1) can be explained in relation to the higher water solubility
of these compounds,4,7,16,35 which increases their rate of loss into
the cooking liquor. Creatine is non-enzymatically converted into
creatinine in muscle systems by the removal of water and the
formation of a ring structure. This can occur easily at the tem-
peratures generated by cooking.4,11 The creatine content of KNC
meat decreased significantly during thermal processing (Table 1),
which may be primarily due to the formation of creatinine as
described above. Several other researchers have also detected a
similar depletion of muscle carnosine,4,7 anserine,7 creatine,4,11,36

betaine27 and carnitine6,16 content during cooking.
In contrast, microwave cooking has been suggested as a bet-

ter cooking method for reducing the loss of carnosine and anser-
ine from meat during thermal processing.7 Furthermore, boiling
caused greater reduction in the betaine content than baking,
microwaving or frying, none of which caused a significant loss. In
addition, increasing the boiling time resulted in increased losses of
carnitine.16 Therefore the cooking method and conditions, includ-
ing the temperature and duration, may affect the loss of these
compounds from meat into the cooking liquor during thermal pro-
cessing.

CONCLUSION
The sex of the bird only had a significant effect on the betaine and
creatine contents of KNC meat. The type of meat cut influenced
the abundance of the functional compounds in the KNC meat,
with higher carnosine and anserine contents observed in the
breast meat and higher betaine and carnitine contents in the leg
meat. The levels of all functional compounds investigated were
significantly reduced by thermal processing of the KNC meat,
mainly owing to the higher water solubility of these compounds,
leading to greater losses into the cooking liquor. Therefore further
experiments should be conducted to find out the best thermal
processing method and/or condition to preserve these functional
compounds in KNC meat.
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