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Table 1. Feed ingredients and chemical composition of experimental diets (percentage of dry matter).

Rations
Ingredients (by dry matter) Control L-carnitine L-carnitine
150 (mg/kg) 300 (mg/kg)

Alfalfa 14.60 14.60 14.60
Corn silage 15.40 15.40 15.40
Barley 41.26 41.26 41.26
Corn 11.04 11.04 11.04

Rapeseed meal 3.06 3.06 3.06
Soybean meal 3.72 3.72 3.72

Wheat bran 7.64 7.64 7.64
L-carnitine (mg/kg) 0 150 300
Calcium carbonate 1.10 1.10 1.10
Vitamin-mineral supplement* 0.85 0.85 0.85
Sodium bicarbonate 0.85 0.85 0.85

Salt 0.51 0.51 0.51
Metabolizable energy (Mcal/kg) 2.61 2.61 2.61
Dry matter (percent) 69.92 69.92 69.92
Crude protein 14.00 14.00 14.00
Cell wall (percent dry matter) 28.90 31.70 31.70
Non-fibrous carbohydrate (percent dry 48.40 44.20 44.20

matter)

Calcium (percent dry matter) 0.73 0.90 0.90
Phosphorus (percent dry matter) 0.42 0.41 0.41

* A kilogram of vitamin supplement contained 600,000 international units of vitamin A, 200,000
international units of vitamin D, 200 mg of vitamin E, 2,500 mg of antioxidants, 195 g of calcium, 80
g of phosphorus, 21,000 mg of magnesium, 2,200 mg of manganese, 3,000 mg of iron, 300 mg of
copper, 300 mg of zinc, 100 mg of cobalt, 120 mg of iodine, and 1.1 mg of selenium.
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Table 2. Results of evaluation of optical parameters of meat during the study.

Sample
Day Indicators Control Lc 150 mg Lc 300 mg
b* 11.45:+0.35° 12.13: 0.21¢% 12.83+ 0.40°
0 a’ 13.37+ 0.31¢¢ 12.34+ 0.22¢ 12.40+ 0.204¢
L 31.50+ 0.254 32.30:0.21« 32.20: 0.51°
b* 12.53+ 0.46% 13.13+ 0.40 13.73:0.21%
3 a’ 14.27+ 0.45P¢ 14.17+ 0.36 12.33+ 0.50¢
L 32.30+ 0.504 34.20+ 0.502 34.50+ 0.562
b* 12.70+ 0.57% 14.17+ 0.55* 14.53+ 0.40?
7 a’ 15.83+0.26* 14.77+ 0.57° 14.17+ 0.45"¢
L 33.20+ 0.56> 34.80+ 0.582 35.00+ 0.722

A-E: Different letters in each column indicate statistical differences between doses on different days (p<0.05).
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Table 3. Results of assessment of malondialdehyde concentration during the study.

Day 0

Day 3 Day 7
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Control 0.400+ 0.020°
Lc 150 mg 0.380+ 0.015¢
Lc 300 mg 0.386+ 0.010¢°

0.630+ 0.020° 0.840+ 0.030?
0.580+ 0.010¢ 0.770+ 0.015°
0.530+ 0.015¢ 0.720+ 0.021°¢

A-E: Different letters in each column indicate statistical differences between doses on different days (p<0.05).
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Table 4. Results of water holding capacity assessment during the study.

Day 0 Day 3 Day 7
Control 0.130+ 0.010¢ 0.150+ 0.030°¢ 0.190+ 0.013
Lc 150 mg 0.131+ 0.020¢ 0.170+ 0.033" 0.170+ 0.025"
Lc 300 mg 0.150+ 0.010 0.180+ 0.022°° 0.210+ 0.020%

A-E: Different letters in each column indicate statistical differences between doses on different days (p<0.05)
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Fig 1. Results of meat hardness assessment during the study.
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Table 5. Results of the evaluation of cooking loss during the study period.

Day 0 Day 3 Day 7
Control 22.27+0.47% 23.63+ 0.45 25.13+ 0.25°
Lc 150 mg 21.67+ 0.55¢ 23.20+ 0.36% 24.57+ 0.45%
Lc 300 mg 22.77+ 0.35% 23.47:+0.31% 25.70+ 0.56°

A-E: Different letters in each column indicate statistical differences between doses on different days (p<0.05).

ey Q:;._J)G—Jl oS sl s 6LAUJ§ B Lﬁ(ﬁﬁ O gl eS| B
_ L does —¢
2 Fr o p Sk T 10 S g e ) il s 3 sl
B et xSl Aol Gam e et w55 S il S slae
jc,stiJus@wmjs;\ﬁ\gm;&;au;v@p il e B S IS kS 5 S5, Gl Shs 5 JaSe ol
| ol oW.J&JeML@»J"' ° /L Is 2 < oles . z N . . .
L}A}p%ﬁf‘j r'sjjs'd):wuj j"’d‘)‘“’.f}sg;t‘:’“v..C‘h"‘):°}.’.)d‘f‘¢)’»‘:‘fJL§_J‘U:ﬁ)3\
0 Ll e ot 5=l S ab wamils 5b csy 1 st
OseldlenST Al 5o 090 (LS A4S b S5 25 SLS 5 3 ek s b OS] il o Yl

S SaS (N bS5 ox Sl JoSs 5l mhaor nl (pman ol b e bz 85 5

6:))'ua}uﬂ\)él@ﬂ(s)b@u)jb@mﬂpf}lci
s ol A S (%) 5303 astle LS (0%)

oS L Lls e oS sl OLES 1 (LF) oldsy oo mis o
b A5l b e 555 G, (I e sbaliS,

S 01 a5 dadllea0 b Olpe Al 5l S

266


http://dx.doi.org/10.22034/FSCT.22.163.257
https://fsct.modares.ac.ir/article-7-79379-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-21 ]

[ DOI: 10.22034/FSCT.22.163.257 ]

VEvE 0 0 TY y58 O o led

Qlﬂl L;l"lb GW}C}\FM

[1] Zeyner, A. and Harmeyer, J. 1999. Metabolic
functions of L-Carnitine and its effects as feed
additive in horses. A review. Archives of Animal
Nutrition, 52(2): 115-138. DOI:
10.1080/17450399909386157

[2] Owen, K. Q. Jit, H. Maxwell, C. V. Nelssen, J. L.
Goodband, R. D. Tokach, M. D. Tremblay, G.C. and
Koo, S. 1. 2001. Dietary L-carnitine suppresses
mitochondrial branched-chain keto acid
dehydrogenase activity and enhances protein
accretion and carcass characteristics of swine. Journal
of Animal Science, 79(12): 3104-3112. DOI:
10.2527/2001.79123104x

[3] Barker, D. L. and Sell, J. L. 1994. Dietary carnitine
did not influence performance and carcass
composition of broiler chickens and young turkeys
fed low-or high-fat diets. Poultry Science, 73(2): 281-
287. DOI: 10.3382/ps.0730281

[4] Mast, J. Buyse, J. and Goddeeris, B. M. 2000.
Dietary L-carnitine supplementation increases
antigen-specific immunoglobulin G production in
broiler chickens. British Journal of Nutrition, 83(2):
161-166. DOI: 10.1017/S0007114500000209

[5] Koeth, R. A. Wang, Z. Levison, B. S. Buffa, J. A.
Org, E. Sheehy, B. T. Britt, E.B. Fu, X. Wu, Y. Li, L.
Smith, J.D. DiDonato, J.A. Chen, J. Li, H. Wu, G.D.
Lewis, J.D. Warrier, M. Brown, J.M. Krauss, R.M.
Wilson Tang, W.H. Bushman, F.D, Lusis, A.J. and
Hazen, S. L. 2013. Intestinal microbiota metabolism
of L-carnitine, a nutrient in red meat, promotes
atherosclerosis. Nature medicine, 19(5): 576-585.
DOI: 10.1038/nm.3145

[6] Szilagyi, M. 1998. L-carnitine as essential
methylated compound in animal metabolism. An
overview. Acta Biologica Hungarica, 49: 209-218.
DOI: 10.1007/BF03542994

[7] Hassani, M. Mortazavi, S.A., Hassani, M.,
Ahmadi-Kamazani, N., and Ghotbi, M. 2015.
Investigation of technological characteristics of
lactobacilli isolated from traditional Sangsar sheep
and cow cheeses. Food Sciences and Nutrition,
47(12): 99-107. [In Persian].

[8] Heydarian, M.K. Heydarian, A., and Sedaghat, N.
2024. An Overview of the Traditional Dairy Products
Produced by Tribe Sangsar and Providing a Solution
for Packaging These Products. Packaging Sciences
and  Technologies, 15(58): 63-74. DOI:
20.1001.1.22286675.1403.15.58.6.7. [In Persian].

[9] Rahimifar, N. and Mirzadeh, K. 2017.
Investigation of the effect of seasonal changes in
thyroid hormones on the reproductive performance of

267

@\;.a—o

farm animals. Veterinary Histobiology 5(2): 37-50.
[In Persian].

[10] Murali, P. George, S. K. Ally, K. and Dipu, M. T.
2015. Effect of L-carnitine supplementation on
growth performance, nutrient utilization, and nitrogen
balance of broilers fed with animal fat. Veterinary
World, 8(4): 482. DOI: 10.14202/vetworld.2015.482-
486

[11] Meyer, J. Kononov, S. U. Grindler, S. Troscher-
MuBotter, J. Alaedin, M. T. Frahm, J. Huther, L.
Kluess, J. Kersten, S. Soosten, D.V. Meyer, U. Most,
E. Eder, K. Sauerwein, H. Seifert, J. Huber, K.
Wegerich, A. Rehage, J. and Dénicke, S. 2021.
Dietary L-carnitine supplementation modifies the
lipopolysaccharide-induced acute phase reaction in
dairy cows. Animals, 11(1): 136. DOI:
10.3390/ani11010136

[12] Sarica, S. Corduk, M. Ensoy, U. Basmacioglu, H.
and Karatas, U. 2007. Effects of dietary
supplementation of L-carnitine on performance,
carcass and meat characteristics of quails. South
African Journal of Animal Science, 37(3): 189-201.
DOI: 10520/EJC94534

[13] Meyer, J. Daniels, S. U. Grindler, S. Troscher-
MubBotter, J. Alaedin, M. Frahm, J. Huther, L. Kluess,
J. Kersten, S. Soosten, D.V. Meyer, U. Most, E. Eder,
K. Sauerwein, H. Seifert, J. Huber, K. Wegerich, A.
Rehage, J. and Dénicke, S. 2020. Effects of a dietary
L-carnitine supplementation on performance, energy
metabolism and recovery from calving in dairy
cows. Animals, 10(2): 342. DOLI:
10.3390/ani10020342

[14] Kidd, M.T. Mcdaniel, C.D. Peebles, E.D. Barber,
S.J. Corzo, A. Branton, S.L. 2004. Breeder hen and
broiler dietary carnitine: carry-over and dietary effects
on progeny growth and carcass traits. Poultry Science
Association Meeting, 83: Abstract W6. p. 316.

[15] Xu, Z. R. Wang, M. Q. Mao, H. X. Zhan, X. A.
and Hu, C. H. 2003. Effects of L-carnitine on growth
performance, carcass composition, and metabolism of
lipids in male broilers. Poultry science, 82(3): 408-
413. DOI: 10.1093/ps/82.3.408

[16] Amini, N. Khodai Motlagh, M. Kazemi
Benchenari, M. and Khaltabadi Farahani. A.H. 2016.
The effect of different sources of omega-3 and omega-
6 and L-carnitine on reproductive performance and
some blood parameters during the flushing period of
Farahani breed ewes. Animal Production Research,
7(14): 108-102. DOI: 10.29252/rap.7.14.108. [In
Persian].



https://doi.org/10.1080/17450399909386157
https://doi.org/10.2527/2001.79123104x
https://doi.org/10.3382/ps.0730281
https://doi.org/10.1017/S0007114500000209
https://doi.org/10.1038/nm.3145
https://www.researchgate.net/publication/384564436_An_Overview_of_the_Traditional_Dairy_Products_Produced_by_Tribe_Sangsar_and_Providing_a_Solution_for_Packaging_These_Products?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHJvZmlsZSIsInByZXZpb3VzUGFnZSI6ImhvbWUiLCJwb3NpdGlvbiI6InBhZ2VDb250ZW50In19
https://www.researchgate.net/publication/384564436_An_Overview_of_the_Traditional_Dairy_Products_Produced_by_Tribe_Sangsar_and_Providing_a_Solution_for_Packaging_These_Products?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHJvZmlsZSIsInByZXZpb3VzUGFnZSI6ImhvbWUiLCJwb3NpdGlvbiI6InBhZ2VDb250ZW50In19
https://www.researchgate.net/publication/384564436_An_Overview_of_the_Traditional_Dairy_Products_Produced_by_Tribe_Sangsar_and_Providing_a_Solution_for_Packaging_These_Products?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHJvZmlsZSIsInByZXZpb3VzUGFnZSI6ImhvbWUiLCJwb3NpdGlvbiI6InBhZ2VDb250ZW50In19
https://dor.isc.ac/dor/20.1001.1.22286675.1403.15.58.6.7
https://doi.org/10.14202/vetworld.2015.482-486
https://doi.org/10.14202/vetworld.2015.482-486
https://doi.org/10.3390/ani11010136
https://hdl.handle.net/10520/EJC94534
https://doi.org/10.3390/ani10020342
https://doi.org/10.1093/ps/82.3.408
http://dx.doi.org/10.29252/rap.7.14.108
http://dx.doi.org/10.22034/FSCT.22.163.257
https://fsct.modares.ac.ir/article-7-79379-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-21 ]

[ DOI: 10.22034/FSCT.22.163.257 ]

...sL._-&-_:SﬁaJ:;.-J.: O:.“JJ\S—J‘ b.:}}.'ﬂ;‘

b‘)&qﬁ 3 b‘g_)-\;?' JESM

[17] Foroozandeh, A. D. Amini, H. R. Ghalamkari, G.
R. Shahzeydi, M. and Nasrollahi, S. M. 2014. The
effect of fat type and L-carnitine administration on
growth, feed digestibility and blood metabolites of
growing Afshari lambs. Livestock Science, 164: 67-
71.DOI: 10.1016/j.1ivsci.2014.03.019

[18] Parvar, R. Ghorchi, T., and Shams Shargh. M.
2017. The effect of adding rapeseed, soybean and fish
oils to the diet on the fatty acid composition and meat
quality of fattening lambs. Animal Science Research
(Agricultural Science), 27(2): 43-159. [In Persian].

[19] Nam, K. C. and Ahn, D. U. 2003. Effects of
ascorbic acid and antioxidants on the color of
irradiated ground beef. Journal of food science, 68(5):
1686-1690. DOI: 10.1111/5.1365-
2621.2003.tb12314.x

[20] Himonides, A. T. Taylor, K. D. A. and Knowles,
M. J. 1999. The improved whitening of cod and
haddock flaps using hydrogen peroxide. Journal of the
Science of Food and Agriculture, 79(6): 845-850.
DOI: 10.1002/(SICI)1097-
0010(19990501)79:6<845::AID-JSFA297>3.0.CO:2-
w

[21] Solhjoo, A. Rowghani, E. Bayat, A. and Zamiri,
M. J. 2014. The effect of rumen protected L-carnitine
on feedlot performance, carcass characteristics and
blood metabolites in Iranian fat-tailed Ghezel lambs.
Res. Opin. Anim. Vet. Sci, 4(4): 192-197.

[22] Mortimer, R. J. Sialvi, M. Z. Varley, T. S. and
Wilcox, G. D. 2014. An in situ colorimetric
measurement study of electrochromism in the thin-
film nickel hydroxide/oxyhydroxide system. Journal
of Solid State Electrochemistry, /8, 3359-3367. DOI:
10.1007/s10008-014-2618-5

[23] Calnan, H. B. Jacob, R. H. Pethick, D. W. and
Gardner, G. E. 2017. Selection for intramuscular fat
and lean meat yield will improve the bloomed colour
of Australian lamb loin meat. Meat science, 131: 187-
195. DOLI: 10.1016/j.meatsci.2017.05.001

[24] Liu, G. Ding, Y. Chen, Y. and Yang, Y. 2020.
Effect of energy intake and L-carnitine on fattening
performance, carcass traits, meat quality, blood
metabolites, and gene expression of lamb. Small
Ruminant Research, 183: 106025. DOI:
10.1016/j.smallrumres.2019.106025

[25] Martin, A. Giraldez, F. J. Cremonesi, P.
Castiglioni, B. Biscarini, F. Ceciliani, F. Santos, N.
Nuria, and Andrés, S. 2022. Dietary administration of
l-carnitine during the fattening period of early feed
restricted lambs modifies ruminal fermentation but
does not improve feed efficiency. Frontiers in
Physiology, 13: 840065. DOI:
10.3389/fphys.2022.840065

268

[26] Farouk, M. M. Mustafa, N. M. Wu, G. and
Krsinic, G. 2012. The “sponge effect” hypothesis: An
alternative explanation of the improvement in the
waterholding capacity of meat with ageing. Meat
Science, 90(3): 670-677. DOI:
10.1016/j.meatsci.2011.10.012

[27] Yue, K. Cao, Q. Q. Shaukat, A. Zhang, C. and
Huang, S. C. 2024. Insights into the evaluation,
influential factors and improvement strategies for
poultry meat quality: a review. npj Science of
Food, 8(1): 62. DOI: 10.1038/s41538-024-00306-6

[28] Priolo, A. Micol, D. and Agabriel, J. 2001.
Effects of grass feeding systems on ruminant meat
colour and flavour. A review. Animal research, 50(3):
185-200. DOI: 10.1051/animres:2001125

[29] Warner, R. D. 2023. The eating quality of meat:
IV—Water holding capacity and juiciness.
In Lawrie’'s meat science, 457-508. Woodhead
Publishing.  DOI: 10.1016/B978-0-323-85408-
5.00008-X

[30] Martin Gonzalez, A. Giraldez, F. J. Mateo, J.
Caro, 1. and Andrés, S. 2023. Dietary administration
of L-carnitine during the fattening period of early feed
restricted lambs modifies lipid metabolism and meat
quality. DOI: 10.1016/j.meatsci.2023.109111

[31] Ying, W. Tokach, M. D. DeRouchey, J. M.
Houser, T. E. Dritz, S. S. Goodband, R. D. and
Nelssen, J. L. 2013. Effects of dietary L-carnitine and
dried distillers grains with solubles on growth, carcass
characteristics, and loin and fat quality of growing-
finishing pigs. Journal of Animal Science, 91(7):
3211-3219. DOI: 10.2527/jas.2012-5606

[32] Smith, O. B. Macleod, G. K. and Usborne, W. R.
1978.  Organoleptic, chemical and bacterial
characteristics of meat and offals from beef cattle fed
wet poultry excreta. Journal of Food
Protection, 41(9): 712-716. DOI: 10.4315/0362-
028X-41.9.712

[33] Leal, M. D. S. Baldassini, W. A. de NS Torres, R.
Curi, R. A. Pereira, G. L. Chardulo, L. A. L. Santos,
R.F. Meirelles, P.R.L. and Costa, C. 2023. Assessment
of lamb meat quality in two cooking methods: Water
bath versus oven cooking. Small Ruminant
Research, 229: 107127. DOI:
10.1016/j.smallrumres.2023.107127



https://doi.org/10.1016/j.livsci.2014.03.019
https://doi.org/10.1111/j.1365-2621.2003.tb12314.x
https://doi.org/10.1111/j.1365-2621.2003.tb12314.x
https://doi.org/10.1002/\(SICI\)1097-0010\(19990501\)79:6%3C845::AID-JSFA297%3E3.0.CO;2-W
https://doi.org/10.1002/\(SICI\)1097-0010\(19990501\)79:6%3C845::AID-JSFA297%3E3.0.CO;2-W
https://doi.org/10.1002/\(SICI\)1097-0010\(19990501\)79:6%3C845::AID-JSFA297%3E3.0.CO;2-W
https://doi.org/10.1016/j.meatsci.2017.05.001
https://doi.org/10.1016/j.smallrumres.2019.106025
https://doi.org/10.3389/fphys.2022.840065
https://doi.org/10.1016/j.meatsci.2011.10.012
https://doi.org/10.1051/animres:2001125
https://doi.org/10.1016/B978-0-323-85408-5.00008-X
https://doi.org/10.1016/B978-0-323-85408-5.00008-X
http://dx.doi.org/10.1016/j.meatsci.2023.109111
https://doi.org/10.2527/jas.2012-5606
https://doi.org/10.4315/0362-028X-41.9.712
https://doi.org/10.4315/0362-028X-41.9.712
https://doi.org/10.1016/j.smallrumres.2023.107127
http://dx.doi.org/10.22034/FSCT.22.163.257
https://fsct.modares.ac.ir/article-7-79379-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-21 ]

[ DOI: 10.22034/FSCT.22.163.257 ]

JFST No. 163, Vol. 22, September2025 ABSTRACT

: _53)1,\
(]

0027

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Effect of Diatary supplementation of L-carnitine on male Sangsari lambs meat quality

Mohammadtaghi Heydarian', Ashkan Jebelli Javan'?, Farzad Mirzaei Aghjehgheshlagh?,
MohammadKazem Heydarian* , Mahdi Panahee °

1- Postdoctoral Researcher Food Hygiene,,faculty of veterinary medicine, semnan university, semnan,iran

2- Associate Professor department of food hygiene and quality control faculty of veterinary medicine, semnan

university, semnan,iran

3- Professor, Department of Animal Science, University of Mohaghegh Ardabili, Ardabil, Iran.

4- PhD student, Department of food Science and engeering, faculty of agriculture, ferdowsi university, mashhad,

Iran

5- Master's degree student in Food Hygiene, Faculty of Veterinary Medicine, Semnan University, semnan, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2025/2/8

Accepted:2025/3/12

Keywords:
Meat Quality,
L-carnitine,
Oxidative Stability,
Color Parameters,

Nutritional Supplementation

10.22034/FSCT.22.163.257.

*Corresponding Author E-

jebellija@semnan.ac.ir

L-carnitine is used as a nutritional supplement in animal nutrition to
improve meat quality and reduce fat oxidation. This study was
conducted on male Sangsari lambs with the aim of investigating the
effect of L-carnitine on color characteristics, fat oxidation, tenderness,
and meat cooking loss. The lambs were divided into three groups of
control, 150, and 300 mg L-carnitine per kilogram of diet. The results
showed that the addition of L-carnitine to the diet, especially at the
300 mg level, caused significant changes in meat color parameters;
such that the intensity of yellowness increased and the amount of
redness decreased. These changes are probably due to increased fat
oxidation and changes in muscle protein composition. The group
receiving 300 mg showed the highest level of brightness, which may
be related to a decrease in red pigments and an increase in yellow
pigments. Measurement of malondialdehyde, an indicator of fat
oxidation, showed that L-carnitine significantly reduced fat oxidation,
resulting in improved meat quality and shelf life. L-carnitine
supplementation also temporarily tenderized the meat, but this effect
decreased over time. No significant differences were observed
between groups in terms of cooking loss. Overall, L-carnitine may
improve meat quality, but further studies are needed to confirm the
results.
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