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SUMMARY

This paper presents the results of two separate experiments, each involving 75
chickens of Cobh 500 provenience, divided into three experimental groups. During
the last three weeks of fattening, chickens were fed finisher diets supplemented
with amino acids (-alanine (0%, 0.5% and 1%) and L-histidine (0%, 0.3% and 0.5%)
in different portions. After chickens have been slaughtered, 10 samples of breast
tissue were taken from each group for carnosine content determination in muscle
tissue and lipid oxidation expressed as TBARS. Analysis of THE results referring
to carnosine concentration in breast muscle proved that supplementation of 0.5%
L-histidine affected the carnosine concentration increase in breast muscles from
941.58 ug/q of tissue (H1) to 1186.06 Lg/g of tissue (H3), while supplementation of
1% B-alanine influenced the increase in carnosine concentration from 756.15 ug/g
of tissue (A1) to 911.01 ug/g of tissue (A3). Supplementation of amino acids did
not have effects on TBARS values, hut oxidation values decreased along with the
supplementation of higher amounts of amino acids to diets, which was particularly
expressed in samples stored for 60 days at -20°C. The experimental group H3 (0.5%
L-histidine) exhibited 30.54% lower value of lipid oxidation than the control one H1
(0% L-histidine), while the group with 1% [-alanine (A3) had lipid oxidation value
by 17.65% lower than the control group A1 (0% [-alanine).
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INTRODUCTION

Carnosine is a dipeptide produced by synthesis
of amino acids B-alanine and L-histidine with help of
carnosine synthetase enzyme in brain and skeletal
muscle cells (Hipkiss, 1998). Concentration of carnosine
in skeletal muscles depends on animal species and
animal age, and it is also affected by feeding treatment,
types of muscles (white muscle of chickens contains
higher concentration of carnosine than dark muscle)
(Maikhunthod, 2003). Carnosine is present in high
concentrations in breast muscle of chickens (Kralik et
al., 2010). Carnosine has antioxidative activity probably
resulting from its ability to bond metal ions and to elimi-
nate several types of free radicals (Kralik et al., 2012).
As a dipeptide, it exhibits stronger antioxidative activity
than some amino acids as its compounds (Maikhunthod,
2003). Concentration of carnosine in animal, as well as
in human tissue, can be modified by supplementation

POLJOPRIVREDA 21:2015(1) Supplement, 190-194

of the amino acids being compounds of carnosine or
their combination in feed (Dunnet and Harris, 1999;
Nagasawa et al., 2001; Tomonaga et al., 2005; Haug et
al., 2008; Boldyrev et al., 2013). The research objective
was to determine effects of different concentrations of
B-alanine and L-histidine supplemented in chicken feed
on the concentration of carnosine and oxidation of lipids
in breast muscle tissue of Cobb 500 chickens.

MATERIAL AND METHODS

Chickens were divided in three experimental groups
in two experiments (75 chickens per group) and fattened
for 42 days. During fattening, chickens were fed com-
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plete starter diets containing 24.39% crude protein and
13.93 MJ ME/kg (1%t experiment), i.e. 22.92% crude
protein and 13.41 MJ ME/kg (2" experiment). From
22" to 42" day chickens in the 15t experiment were
fed finisher diets containing 20.07% crude protein and
13.15 MJ ME/kg (H1—control group), 20.22% crude pro-
tein and 13.20 MJ ME/kg (H2 group) and 19.80% crude
protein and 13.09 MJ ME/kg (H3 group), which were
supplemented with L-histidine in various amounts (H1

Table 1. Composition of the chicken diets

0%, H2 0.3% and H3 0.5%). In the 2"¢ experiment, chick-
ens were fed finisher diets containing 18.79% crude
protein and 12.10 MJ ME/kg in the A1 group (control),
18.93% crude protein and 12.90 MJ ME/kg in the A2
and 19.46% crude protein and 13.03 MJ ME/kg in the A3
group, which were supplemented with 3-alanine (A1 0%,
A2 0.5% and A3 1.0%). Chickens were fed ad libitum.
Composition of diets is overviewed in the Table 1.

Diets day 22-42

Ingredient, % daelifﬂ 15t experiment 2" experiment

H1 H2 H3 Al A2 A3
Corn 51.50 61.20 60.90 60.70 62.70 62.20 61.70
Alfalfa 2.50 3.00 3.00 3.00 3.00 3.00 3.00
Protein gold 2.00 - - - - - -
Soybean toasted 9.00 - - - 5.00 5.00 5.00
Soybean cake (46%) 29.50 27.80 27.80 27.80 24.00 24.00 24.00
Sunflower oil 0.50 3.00 3.00 3.00 0.30 0.30 0.30
Kuskovit 5% BK+ Kokcisan + phytase 5.00 - - - - - -
Kuskovit 5% BK+ phytase - 5.00 5.00 5.00 5.00 5.00 5.00
L-histidine - 0.30 0.50 - - -
B-alanine - - - 0.50 1.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

H1 0% L-histidine, H2 0.3% L-histidine, H3 0.5% L-histidine, A1 0% B-alanine, A2 0.5% [-alanine, A3 1% f-alanine

Composition per 1 kg of premix ,Kuskovit": vit. A 300,000 IUs; vit. D3 40,000 IUs; vit. E 600 mg; vit. K3 40 mg; vit. B1 20 mg; vit. B2 120 mg; vit. B6 40 mg; vit.
B12 300 mcg; vit. C 300 mg; niacin 800 mg; pantothenic acid 240 mg; folic acid 10 mg; biotin 2.00 mg; choline chloride 10,000 mg; iodine 12 mg; iron 500 mg;
copper 75 mg; manganese 1600 mg; zinc 1000 mg; cobalt 3 mg; selenium 3 mg; antioxidant 2000 mg; calcium min. 38 g; sodium min. 23 g; methionine 55,000

mg; lysine 24,000 mg

The study was conducted in accordance with the
Regulations of the Republic of Croatia (Regulations on the
animals protection during transport and related opera-
tions NN 12/11, Regulations on the Protection of animals
at slaughter and killing NN 39/08, Regulations on the pro-
tection of animals at the time of killing NN 83/11). After
42 days of fattening and 12-hour fasting, chickens were
slaughtered and carcasses were processed as ,ready for
grill”. Breast muscle tissues were sampled for determina-
tion of carnosine content and the lipid oxidation values
(fresh tissue and tissue kept for 60 days at -20°C). In
order to perform analysis of carnosine content in mus-
cle tissue, there were 10 chickens from each group
randomly selected from the mixed sample. Samples
of tissues were prepared by the method described by
Aristoy and Toldra (2004), and concentration of carnos-
ine was determined by the HPLC device (Varian Prostar,
USA) equipped with fluorescent detector and Zorbax
column ODS, 4.6 x 250 mm (Agilent, USA). The sample
was derivatized before injecting with OPA reagent by
the method described by Interpichet and Maikhunthod
(2005). Oxidation of lipids in breast muscle tissue was
determined by the methods of Viyncke (1970) and Lemon
(1975). The research results were analyzed by statistical
software Microsoft Office Excel (2007). Significance of
differences between groups was determined by analysis
of variance (ANOVA). The calculated F value was com-
pared with the theoretical F value at a significance level

(5%, P<0.05). Significance of differences between mean
values was determined by the t-test.

RESULTS AND DISCUSSION
Concentration of carnosine in breast muscles

The Table 2 presents the values referring to concen-
trations of carnosine in breast muscle tissue of Cobb 500
chickens (mixed sample) fed diets supplemented with
L-histidine and B-alanine. The data indicate that supple-
mentation of L-histidine in feed influenced the increase of
carnosine concentration in chicken breast muscle tissue.
If compared to the control group, supplementation of
0.3% L-histidine in diet affected the increase of carnosine
concentration in breast tissue by 8.88% whereas supple-
mentation of 0.5% L-histidine affected the increase of
carnosine concentration by 25.96%. Statistical analysis
was used to determine significant differences in the con-
tent of carnosine between the groups. Supplementation
of 1% R-alanine in diets during the last three weeks of
fattening resulted in 20.48% higher concentrations of
carnosine in breast muscles of A3 group if compared to
the control. Supplementation of 0.5% B-alanine did not
influence the increase of carnosine concentrations. The
group A3 fed diets with 1% R-alanine had statistically
higher value of carnosine content in breast muscle than
the groups A1 and A2.
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Table 2. Concentrations of carnesine (ug/g of tissue) in chicken breast muscle tissue (mixed sample) with dietary

supplementation of L-histidine and f3-alanine

Groups
P-value
H1 H3
15t experiment 941.58 + 59.72°¢ 1025.22 = 101.18° 1186.06+73.75? 0.001
Al A3
2" experiment 756.15 + 118.56° 753.29 + 85.35° 911.01 = 118.812 0.003

H1 0% L-histidine, H2 0.3% L-histidine, H3 0.5% L-histidine, A1 0% B-alanine, A2 0.5% f-alanine, A3 1% f-alanine; Values within a column with different superscript

letters a, b, ¢ were significantly different (P<0.05)

Haug et al. (2008) performed the experiment of
enriching chicken meat with carnosine by supplement-
ing different amounts of L-histidine (1 g/kg, 2 g/kg, 3 ¢/
kg) in chicken feed. Supplementation of L-histidine in
1g/kg of feed already affected the increase of carnosine
concentration in breast muscle from 9.96 umol/g to
16.15 umol/g, which represented an increase of 62%
if compared to the control group of chickens that were
not fed histidine. Kai et al. (2015) found out that the
chicken meat can be enriched with carnosine if histidine
is added in feed in the amount of 200% of NRC norms
during 10 days of feeding. Nagasawa et al. (2001) car-
ried out the research to determine whether histidine in
feed could affect the content of carnosine in muscle
tissue of rats. Supplementation of 2% histidine in feed
had positive influence on synthesis of carnosine in
muscle tissue and significantly influenced the increase
of carnosine concentration in muscle (from 6.48 mmol/g
muscle in control group to 9.30 mmol/g muscle in the
group fed 2% histidine). Amend et al. (1979) determined
that histidine was indispensable in feeding of adult
roosters and that the portion of 0.11% in feed was
sufficient to keep appropriate live weights and normal
concentrations of hemoglobin and to prevent decrease
in concentration of histidine dipeptides and free histidine
in muscles and in brain tissue. It is assumed that, since
then, the needs for histidine increased due to develop-
ment of new hybrids, shortening of fattening periods,
etc. However, other researches proved that the speed
of carnosine synthesis in muscles was more affected by
B-alanine than by histidine, i.e. $-alanine was the limiting
factor in synthesis (Dunnet and Harris, 1999; Harris et
al., 2006). Consequently, recent researches are focused
on the supplementation of B-alanine in animal feed and
water. Tomonaga et al. (2005) performed the experiment
within which chickens were given 22 mmol/kg B-alanine
orally from 2" to 6t day of age. Twelve hours after the
last dose of B-alanine, chickens were sacrificed and the
right breast muscle was taken for analysis of carnosine
content. Chicken group that was given B-alanine exhib-
ited significant increase in carnosine concentration from
5459 nmol/g tissue to 8774 nmol/g tissue, which rep-
resented an increase of 60.7%. Tomonaga et al. (2012)
found out that the addition of -alanine in water increas-
es the concentration of carnosine in chicken brain and
Musculus pectoralis superficialis. Dunnet and Harris
(1999) investigated the effect of continuous usage of
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B-alanine in feed on the concentration of carnosine in
muscle fibres of gluteus medius in horses. Over a period
of 30 day, horses were given three times a day [-alanine
in the amount of 100 mg/kg of body weight and histidine
in the amount of 12.5 mg/kg of body weight. Histidine
was also supplemented to feed in order to provide for
the appropriate amount of amino acids for biosynthesis
of carnosine. Analysis results proved that in muscle
fibres that were successfully isolated, concentration of
carnosine was higher at the end of the experiment than
at the beginning, i.e. availability of B-alanine affected
significantly the speed of carnosine synthesis. Chicken
meat is sensitive to oxidative changes, which negatively
influence taste, smell and meat preservation. Therefore,
due to its antioxidative traits, carnosine is especially
interesting as a factor in achieving longer meat preser-
vation time.

Indicators of lipid oxidation in meat

Table 3 presents the TBARS values of lipid oxi-
dation from the experiments 1 and 2, shown as mg
MDA/kg tissue, measured on fresh breast tissue and
on breast tissue stored for 60 days at -20°C. Groups
of chickens fed diets with L-histidine exhibited quite
equal TBARS values of fresh samples, so there were no
significant differences determined between the groups.
The sample stored for 60 days at -20°C also did not
exhibit statistically significant differences. However,
there was a trend of decrease of TBARS values deter-
mined in the experimental groups H2 (0.338 mg MDA/
kQissue) @nd H3 (0.282 mg MDA/kGyissye). if compared
to the control group H1 (0.406 mg MDA/kgysse)- In the
group with 0.5% L-histidine (H3), TBARS value was
lower by 30.54% than in the control group. The group
H3 exhibited the highest concentration of carnosine, so
it was assumed that the favorable trend of the TBARS
value decrease was a consequence of carnosine anti-
oxidative activity. Statistically significant difference was
determined only within the group H1, where the storing
of samples at -20°C for 60 days resulted in significant
increase of TBARS values. The values referring to fat
oxidation in breast muscle tissue of chickens fed diets
supplemented with B-alanine proved balanced values of
TBARS in fresh samples. However, samples of breast
tissue stored for 60 days at -20°C exhibited higher val-
ues of TBARS in the group A1 (0.425 mg MDA/Kg;issue):
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while the groups A, and A; had slightly lower values
(0.352 mg MDA/Kkg;isse @and 0.350 mg MDA/Kgisyer
respectively). Still, the statistical data analysis did not
prove significant differences between the groups.

Table 3. Products of lipid oxidation expressed as TBARS
values (mg MDA/kg;.,.) in chicken breast muscle tis-
sue samples (fresh and stored for 60 days at -20°C) with
dietary supplementation of L-histidine and 3-alanine

Storage time 1 experiment P-value

H1 H2 H3
Fresh 0.275+0.05" | 0.298+0.07 | 0.256+0.02 | 0.216
60 days 0.406=0.15% | 0.338+0.11 | 0.282+0.04 | 0.056
P-value 0.015 0.355 0.084

2" experiment

Al A2 A3
Fresh 0.359+0.05 | 0.341=0.06 | 0.399+0.04 | 0.078
60 days 0.425+0.08 | 0.352=0.07 | 0.350=+0.09 | 0.103
P-value 0.063 0.745 0.144

H1 0% L-histidine, H2 0.3% L-histidine, H3 0.5% L-histidine, A1 0% B-alanine,
A2 0.5% B-alanine, A3 1% B-alanine

Although it was determined that duration of stor-
ing muscle tissue did not affect TBARS values, more
intensive oxidation was found out in group A, with the
increase in TBARS by 15.52%, while the increase in fat
oxidation in group A, was small, being only 3.13%. It
is important to point out that during the storage time,
fat oxidation was lowered in the group A; by 14%.
Considering the fact that the muscle tissue in the group
A; had the highest concentration of carnosine, it was
expected that antioxidative activity of carnosine would
have positive effect on meat preservation. Kralik et al.
(2010; 2012) also pointed out that carnosine demon-
strated an antioxidant effect in the cell which is ampli-
fied by the addition of vitamin E. This fact was also
confirmed by Hu et al. (2009), as well as by Djenane et
al. (2004).

CONCLUSION

On the basis of the obtained research results, it
is concluded that supplementation of particular amino
acids, L-histidine and B-alanine, affected the increase
of carnosine content in breast muscle tissue of Cobb
500 chickens. Higher average values of carnosine were
observed in the study where the chickens received
L-histidine in the feed, but in both studies an increase
in the content of carnosine in the tissues was observed
by increasing the use of amino acids in feed. Dietary
supplementation of 0.5% L-histidine (H3) affected the
increase of carnosine content by 25.96% if compared
to the control group (H1). Dietary supplementation of
1% B-alanine (A3) resulted in 20.48% higher content
of carnosine in muscles than in the control group (A1).
Although the results referring to lipid oxidation val-

ues did not prove significant differences between the
groups, it was determined that dietary supplementation
of amino acids in higher portions affected the lower-
ing of TBARS values, being particularly expressed in
samples kept for 60 days at -20°C. Therefore, it can be
concluded that carnosine as a natural dipeptide was a
desirable antioxidant used for meat and meat products
preservation for a longer period of time.

ACKNOWLEDGEMENT

This paper is a part of the research on the tech-
nological research-development project “Carnosine -
Functional Ingredient in Poultry Meat”, realized by the
Croatian Institute of Technology, Josip Juraj Strossmayer
University of Osijek and Technology Development Centre
Osijek and co-financed by the Osijek-Baranya County in
2012.

REFERENCES

1. Amend, J.F, Strumeyer, D.H., Fisher, H. (1979): Effect
of dietary histidine on tissue concentrations of histidi-
ne-containing dipeptides in adult cockerels. The Journal
of Nutrition, 109: 1779-1786.

2. Aristoy, M.C., Toldra, F. (2004): Histidine dipeptides
HPLC-based test for the detection of mammalian origin
proteins in feeds for ruminants. Meat Science, 67: 211-
217.

doi: http://dx.doi.org/10.1016/j.meatsci.2003.10.008

3. Boldyrev, A.A., Aldini, G., Derave, W. (2013): Physiology
and pathophysiology of carnosine. Physiological Reviews
93: 1803-1845.
doi: http://dx.doi.org/10.1152/physrev.00039.2012

4.  Dijenane, D., Martinez, L., Sdnchez-Escalante, A., Beltréan,
J.A., Roncalés, P. (2004): Antioxidant effect of carnosine
and carnitine in fresh beef steaks stored under modified
atmosphere. Food Chemistry, 85: 453-459.
doi: http://dx.doi.org/10.1016/.foodchem.2003.08.007

5. Dunnett, M., Harris, R.C. (1999): Influence of oral B-ala-
nine and L-histidine supplementation on the carnosine
content of the gluteus medius. Equine veterinary journal.
Supplement, 30: 499-504.

6. Harris, R.C., Tallon, M.J., Dunnett, M., Boobis, L.,
Coakley, J., Kim, H.J., Fallowfield, J.L., Hill, C.A., Sale,
C., Wise, J.A. (2006): The absorption of orally supplied
b-alanine and its effect on muscle carnosine synthesis in
human vastus lateralis. Amino Acids, 30: 279-289.
doi: http://dx.doi.org/10.1007/s00726-006-0299-9

7. Haug, A, Radbotten, R., Mydland, L.T., Christophersen,
0.A. (2008): Increased broiler muscle carnosine and
anserine following histidine supplementation of com-
mercial broiler feed concentrate. Acta Agriculturae
Scandinavica, Section A, 58: 71-77.

8.  Hipkiss, A.R. (1998): Carnosine, a protective, anti-ageing
peptide? The International Journal of Biochemistry & Cell
Biology, 30: 863-868.
doi: http://dx.doi.org/10.1016/S1357-2725(98)00060-0

9.  Hu, X., Hongtrakul, K., Ji, Ma, Q., Guan, S., Song, C.,
Zhang, Y., Zhao, L. (2009): Effect of carnosine on growth
performance, carcass characteristics, meat quality and

POLJOPRIVREDA 21:2015(1) Supplement, 190-194



194

G. Kralik et al.: EFFECT OF B-ALANINE AND L-HISTIDINE ON CONCENTRATION OF CARNOSINE ...

oxidative stability in broiler chickens. Journal of Poultry
Science 46: 296-302.
doi: http://dx.doi.org/10.2141/jpsa.46.296

Intarapichet, K.0., Maikhunthod, B. (2005): Genotype
and gender differences in carnosine extracts and antio-
xidant activities of chicken breast and thigh meats. Meat
Science, 71: 634-642. doi: http://dx.doi.org/10.1016/j.
meatsci.2005.05.011

Kai, S., Watanabe, G., Kubota, M., Kadowaki, M.,
Fujimura, S. (2015): Effect of dietary histidine on con-
tents of carnosine and anserine in muscles of broilers.
Animal Science Journal, 86: 541-546.

doi: http://dx.doi.org/10.1111/asj.12322

Kralik, G., Medi¢, H., Marusi¢, N., Gajcevi¢-Kralik, Z.,
Kiceec, Z. (2010): Sadrzaj nutrienata i nutricina — karno-
zina u tamnome mesu piliéa. Poljoprivreda/Agriculture/,
16(1): 62-66.

Kralik, G., Kralik, Z., Grcevi¢, M., §krti(:, Z. (2012):
Obogacivanje peradarskih proizvoda funkcionalnim
sastojcima. Poljoprivreda/Agriculture/, 18(1): 52-59.

Lemon, D.W. (1975): An improved TBA test for ranci-
dity. New Series Circular No. 51. Environment Canada
Fisheries and Marine Service. Halifax Laboratory,
Canada.

Maikhunthod, B. (2003): Extraction and antioxidant acti-
vity of carnosine from native, hybrid native and broiler
chicken meats. A Thesis for the Degree of Master of
Science in Food Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand. Academic
Year 2003, ISBN 974-533-321-2.

POLJOPRIVREDA 21:2015(1) Supplement, 190-194

16.

17.

18.

19.

20.
21.

22.

23.

Nagasawa, T., Yonekura, T., Nishizawa, N., Kitts, D.D.
(2001): In vitro and in vivo inhibition of muscle lipid and
protein oxidation by carnosine. Molecular and Cellular
Biochemistry, 225: 29-34.

39/08, 2008.
Pravilnik o za$titi Zivotinja tijekom prijevoza i prijevozom
povezanih postupaka NN 12/11, 2011.

Pravilnik o zastiti Zivotinja u vrijeme usmréivanja NN
83/11, 2011.

Statistical software Microsoft Office Excel (2006).

Tomonaga, S., Kaji, Y., Tachibana, T., Denbow, D.M.,
Furuse, M. (2005): Oral administration of [(-alanine
modifies carnosine concentrations in the muscles and
brains of chickens. Animal Science Journal, 76: 249-
254,

doi: http://dx.doi.org/10.1111/j.1740-0929.2005.00263.x

Tomonaga, S., Matsumoto, M., Furuse, M. (2012):
B-alanine enhances brain and muscle carnosine levels in
broiler chicks. Journal of Poultry Sciences, 49: 308-312.
doi: http://dx.doi.org/10.2141/jpsa.0110165

Viyncke, W. (1970): Direct determination of the thio-
barbituric acid value in trichloroacetic acid extracts of
fish as a measure of oxidative rancidity. Fette. Seinfen,
Anstrichmittel, 72 (12): 1084-1087.

doi: http://dx.doi.org/10.1002/lipi.19700721218

(Received on 2 June 2015; accepted on 21 July 2015)





