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ABSTRACT 
This experiment was conducted to study the effects of including sucrose, with or without calcium salts of fish oil on 
performance, carcase characteristics and meat fatty acids profile of fattening Holstein steers. Thirty sixth Holstein steers 
(269±57 kg body weight) were used in a completely randomized design with a 2×2 factorial arrangement during 128 days of 
experimental period. Dietary treatments were 1) control, 2) sucrose (SU) (5% DM), 3) calcium salts of fish oil (CF) (2.5% 

DM), 4) SU and CF. Average daily gain increased with added SU (P<0.01). An interaction between SU and Ca-FO was 
found on dry matter intake (DMI) (P<0.05) and dry matter content of longissimus dorsi muscle (LM) (P<0.05). Dietary 
inclusion of Ca-FO increased the concentration of vaccinec acid and CLA in longissimus dorsi (P=0.03). Total PUFA n-3 
increased in longissimus dorsi and subsequently decreased n-6: n-3 ratio and increases intramuscular storage of EPA & 
DHA fatty acids (P=0.01). The results of this study showed addition SU and Ca-FO could have stimulatory effect on dry 
matter intake and avrage daily gain in fattening steers. Also Ca-FO increased concentration of n-3 fatty acids, vaccinec and 
CLA acids which means improving meat quality and nutritional valus. 
 
Keywords: Fattening steers, liver, longissimus dorsi, omega-3 fatty acid, sucrose. 
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Table 1. Ingredient and chemical composition of experimental diets fed to growing bulls 

Ingradient (% of DM basis) 
Diets 1 

CON SU CF SU+CF 

Alfalfa hay 10.5 10.5 10.5 10.5 
Corn silage 14.5 14.5 14.5 14.5 

Barley grian 34 34 34 34 

Corn grain ground 23.3 16.3 12.3 5.3 
Soybean meal 9 9 9 9 

Wheat bran 3 6 8.5 10.5 

Rice bran 2.5 1.5 6 6 

Sucrose 0 5 0 5 

Persia Omega3 0 0 2.5 2.5 

Calcium carbonate 1.2 1.2 0.7 0.7 

Vitamin-mineral permix 0.7 0.7 0.7 0.7 

Sodium bicarbonate 1 1 1 1 

White Salt 0.3 0.3 0.3 0.3 

Chimical composition (%/kh DM)     

Dry matter (%/kg diet) 62 62.2 62.2 62.4 

Crude Protein (%/kh DM) 14.3 14.1 14.4 14.1 

ME (Mcal/kh DM) 2.66 2.66 2.67 2.67 

NEM (Mcal/kh DM) 1.8 1.8 1.8 1.8 

NEG (Mcal/kh DM) 1.2 1.2 1.2 1.2 

NFC 52.2 52.2 46.8 47 

Starch 41.1 36.7 34.9 30.4 

Sugar 2.8 7.6 3.2 7.9 

1. 5# 4  7��c 5# 4 �0��� 12�� 0	 �!/ -	. � ���/�8 
�'3 5# 4 I��
 L G#G �3 0`?���C 7��5  7��c 5# 4 ����/�8 'i��5/2  0	 �!/ -	. 'i��

 7��c 5# 4 � 0��� 12��5  � ���/�8 'i��5/2 .0��� 12�� 0	 �!/ -	. 'i��  
1. Dietary treatments: CON= Control diet; SU= Sucrose; CF= Calcium salts of fish oil; and Su+CF= Sucrose with Calcium salts of fish oil 

supplementation. 
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Table 2. Effect of sucrose (SU) and Ca- salts of fish oil (CF) on performance of fattening bulls 

Item 
Diet 1 p-value 

CON SU CF SU+CF SEM Sucrose Ca-FO Interaction 

Initial weight (kg) 275.5 272.2 273.1 273.8 26.95 0.96 0.98 0.94 
Final weight (kg) 403 408.7 391 415 23.65 0.53 0.90 0.70 

DMI (kg/d) 8.45 8.37 7.52 8.62 0.28 0.08 0.23 0.04 

ADG (kg) 1.12 1.20 1.06 1.24 0.05 0.01 0.91 0.34 
Feed:gain 7.62 7.13 7.15 6.96 0.33 0.35 0.38 0.62 
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1. Dietary treatments: CON= Control diet; SU= Sucrose; CF= Calsium salts of fish oil; and Su+CF= Sucrose with Calsium salts of fish oil supplementation. 
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Table 3. Effect of sucrose (SU) and Ca- salts of fish oil (CF) on chemical composition (%) of longissimus dorsi 

muscle and hepatic of fattening bulls 

Item 
Diet p-value 

CON SU CF SU+CF SEM Sucrose Ca-FO Interaction 

LM         

     Dry matter  26.06 25.39 25.69 26.54 0.38 0.82 0.30 0.05 

     Protein 22.30 21.68 22.41 22.24 0.30 0.20 0.27 0.46 
     Fat 2.27 1.99 2.03 2.70 0.15 0.44 0.59 0.31 

     Ash 1.25 1.20 1.21 1.29 0.06 0.83 0.68 0.31 

Hepatic         

     Dry matter  28.06 28.94 28.41 28.37 0.40 0.30 0.79 0.26 

     Protein 18.79 18.37 19.05 18.70 0.33 0.25 0.38 0.92 

     Fat 2.95 2.54 2.50 2.75 0.20 0.69 0.58 0.12 

     Ash 2.36 2.06 2.31 2.32 0.14 0.19 0.67 0.44 
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1.  Dietary treatments: CON= Control diet; SU= Sucrose; CF = Calsium salts of fish oil; and Su+CF = Sucrose with Calsium salts of fish oil supplementation. 
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Table 4. Effects of sucrose (SU) and Ca- salts of fish oil (CF) on fatty acids profile (g/100 g fatty acid) of longissimus 

dorsi muscle Holstein bulls1
 

Item 
Diet  p-value 

CON SU CF SU+CF SEM Sucrose Ca-FO Interaction 
C12:0 0.34 0.26 0.30 0.22 0.09 0.39 0.66 0.99 
C14:0 3.34 2.92 2.86 3.18 0.43 0.91 0.80 0.40 
C14:1 1.12 0.84 0.98 1.02 0.16 0.45 0.89 0.32 
C15:0 0.38 0.32 0.28 0.22 0.07 0.40 0.17 0.26 
C15:1 0.18 0.12 0.16 0.10 0.05 0.21 0.67 0.51 
C16:0 25.62 25.14 27.58 28.40 1.16 0.88 0.04 0.58 
C16:1 4.24 3.98 4.78 4.86 0.45 0.84 0.14 0.71 
C17:0 1.02 0.66 0.82 0.72 0.12 0.07 0.57 0.29 
C17:1 0.72 0.44 0.54 0.46 0.11 0.12 0.48 0.38 
C18:0 15.84 15.12 13.80 12.70 0.84 0.29 0.02 0.82 
C18:1 cis 9 34.74 33.80 35.38 34.00 1.87 0.54 0.83 0.91 
C18:1 trans 11 1.06 1.28 1.66 1.42 0.16 0.95 0.03 0.17 
C18:2 cis9 Trans 11 0.30 0.36 0.58 0.44 0.06 0.54 0.01 0.14 
ƩC18:1 10 trans 0.22 0.12 0.18 0.10 0.05 0.07 0.54 0.84 
C18:2 n6 5.72 6.36 5.08 5.66 0.54 0.27 0.23 0.96 
C18:3 n3 0.34 0.39 0.58 0.52 0.06 0.96 0.006 0.39 
C20:0 0.14 0.12 0.12 0.16 0.06 0.87 0.86 0.62 
C20:1 0.12 0.14 0.20 0.24 0.05 0.54 0.08 0.84 
C20:2 0.30 0.40 0.54 0.58 0.09 0.44 0.03 0.74 
C20:3 0.18 0.16 0.10 0.08 0.05 0.72 0.17 0.98 
C20:4 0.24 0.24 0.08 0.06 0.03 0.71 0.0001 0.71 
C22:0 0.26 0.22 0.10 0.08 0.05 0.59 0.02 0.86 
C22:1 0.86 0.96 0.52 0.44 0.16 0.95 0.02 0.58 
C24:0 0.16 0.14 0.38 0.32 0.04 0.38 0.0004 0.66 
C24:1 0.12 0.08 0.32 0.26 0.05 0.30 0.0009 0.83 
C20:5 0.01 0.01 0.38 0.42 0.04 0.69 0.0001 0.63 
C22:6 0.02 0.02 0.40 0.44 0.03 0.57 0.0001 0.58 
UFA * 50.49 49.69 52.46 51.10 1.71 0.54 0.34 0.87 
SFA Ϯ 46.94 44.76 45.86 45.68 1.40 0.41 0.95 0.49 
MUFA ψ 43.16 41.64 44.54 42.80 1.93 0.41 0.52 0.96 
PUFA Ⱡ 7.33 8.06 7.92 8.30 0.53 0.31 0.44 0.75 
PUFA/SFA 0.16 0.18 0.17 0.18 0.01 0.19 0.43 0.46 
n-3 PUFA 0.37 0.42 1.36 1.38 0.07 0.63 0.0001 0.86 
n-6 PUFA 6.36 6.88 5.44 5.90 0.54 0.37 0.09 0.95 
n-6/n-3 17.52 16.96 4.00 4.51 1.24 0.98 0.0001 0.67 
Total CLA 0.52 0.48 0.76 0.54 0.09 0.16 0.11 0.32 

1. 5# 4  7��c 5# 4 �0��� 12�� 0	 �!/ -	. � ���/�8 
�'3 5# 4 :I��
 L G#G �3 0`?���C 7��5  7��c 5# 4 ����/�8 'i��5/2  0	 �!/ -	. 'i��
 7��c 5# 4 � 0��� 12��5  � ���/�8 'i��5/2 .0��� 12�� 0	 �!/ -	. 'i�� 

1.  Dietary treatments: CON= Control diet; SU= Sucrose; CF= Calsium salts of fish oil; and Su+CF= Sucrose with Calsium salts of fish oil supplementation. 
* Unsaturated fatty acids, Ϯ Saturated fatty acids, ψ Monounsaturated fatty acids, Ⱡ Polyunsaturated fatty acids. 

  

  

  

  

  

  

  



346   :
����	� � �� !"#$� 
��%&� '() *+!,� � -	. �!/ 	0 12�� ���0 �3 4 5# #3 ... 

 
  

  


7��"����  

 5�#	� 0��� 12�� 0	 �!/ -	. �� 5����8� I/ ��

 �+><3 � -`" 5��� g#a� ]?�%&� L>8 ���/�8 �3

�M�8+A �� �.���� 
�� ]?�%&� .'
 7���#T 7��

 5��� ]?�%&� I��K �� 1?� ](�	�#3 1 (}	�

 -	. g#a� .@
�� 0T �� �� @
+A -`"

 E#F 7��' 8� @>�. ]��/ 0��� 12�� 0	 �!/

6 -n  �33 -n  E#F 7��' 8� @N!2 ]?�%&� r?#V ��

3 -n �� ' 8� 1 (}	� � � - ( �/CLA )18:1C 

d 8-9d.�#G � -11�} ��� �� ( �M�8+A ��8�� �� ��

�3 5# 4 �3 ���/�8 
��%&� � @
�� *�>.� L>8 ��

 d.�#G E#F ' 8� Q+	U� ]��/ -10 18:1C  ��

 Z��� � @ � / �+><3 0(D� �3 �/ '
 @
+A

�?9:G 7�.@8� @
+A  

  

���(@
�A
  

 �3 
��8�+" 0D >V =3�(� � 7����`/ h+!K 5�W`.�� ��

 �M�8� LM�) �� ]��bT 1?� �� 0M�� @?�	c #V�"

;��#& @<4 
�#<G 5�W`.�� �� � 7#�/�  
���� 
�+	.

]?���C h�U.��  #�`G0� 0.���') � ��#A.   
  

REFERENCES 
1. AbuGhazaleh, A.A. & Jenkins, T.C. (2004). Docosahexaenoic acid promotes vaccenic acid 

accumulation in mixed ruminal cultures when incubated with linoleic acid. Journal of Dairy Science, 
87, 1047-1050. 

2. AOAC (1990). Official methods of analysis. (15
th

 ed.). Arlington, VA: Association of Official 
Analytical Chemists. pp. 931-932. 

3. Bauman, D.E. & Lock, A.L. (2006). Conjugated linoleic acid: biosynthesis and nutritional 
significance. In Advanced Dairy Chemistry Volume 2 Lipids (pp. 93-136). Springer, Boston, MA. 

4. Bauman, D. E., Perfield, J. W., Harvatine, K. J. & Baumgard, L. H. (2008). Regulation of fat synthesis by 
conjugated linoleic acid: lactation and the ruminant model. The Journal of nutrition, 138, 403-409. 

5. Bessa, R. J. B., Portugal, P. V., Mendes, I. A. & Santos-Silva, J. (2005). Effect of lipid supplementation on 
growth performance, carcass and meat quality and fatty acid composition of intramuscular lipids of lambs 
fed dehydrated lucerne or concentrate. Livestock Production Science, 96, 185-194. 

6. Block, E., Chalupa, W., Evans, E., Jenkins, T., Moate, P., Palmquist, D. & Sniffen, C. (2005). 
Calcium salts are highly digestible. Feedstuffs, 77, 20-25. 

7. Broderick, G. A. & Radloff, W. J. (2004). Effect of molasses supplementation on the production of 
lactating dairy cows fed diets based on alfalfa and corn silage. Journal of dairy science, 87, 2997-3009. 

8. Buckley, J. D. & Howe, P. R. (2010). Long-chain omega-3 polyunsaturated fatty acids may be 
beneficial for reducing obesity-a review. Nutrients, 2, 1212-1230. 

9. Cabrita, A. R. J., Vale, J. M. P., Bessa, R. J. B., Dewhurst, R. J. & Fonseca, A. J. M. (2009). Effects 
of dietary starch source and buffers on milk responses and rumen fatty acid biohydrogenation in 
dairy cows fed maize silage-based diets. Animal feed science and technology, 152, 267-277. 

10. Chow, T.T., Fievez, V., Moloney, A.P., Raes, K., Demeyer, D. & De Smet, S. (2004). Effect of fish oil on 
in vitro rumen lipolysis, apparent biohydrogenation of linoleic and linolenic acid and accumulation of 
biohydrogenation intermediates. Animal Feed Science and Technology, 117(1-2), 1-12. 

11. das Graças Padre, R., Aricetti, J.A., Moreira, F.B., Mizubuti, I.Y., do Prado, I.N., Visentainer, J.V., de 
Souza, N.E. & Matsushita, M. (2006). Fatty acid profile, and chemical composition of Longissimus 
muscle of bovine steers and bulls finished in pasture system. Meat Science, 74, 242-248. 

12. Ferreira, E. M., Pires, A. V., Susin, I., Gentil, R. S., Parente, M. O. M., Nolli, C. P., ... & Ribeiro, C. 
V. D. M. (2014). Growth, feed intake, carcass characteristics, and meat fatty acid profile of lambs fed 
soybean oil partially replaced by fish oil blend. Animal Feed Science and Technology, 187, 9-18. 

13. Firkins, J. L. & Eastridge, M. L. (2010). Addition of sugars to dairy rations. In Proceedings of the 
19

th
 Annual Tri-State Dairy Nutrition Conference, Grand Wayne Center, Fort Wayne, Indiana, USA 

(pp. 91-105).  
14. Folch, J., Lees, M. & Stanley, G. S. (1957). A simple method for the isolation and purification of 

total lipides from animal tissues. Journal of biological chemistry, 226, 497-509. 
15. Fuentes, M. C., Calsamiglia, S., Cardozo, P. W. & Vlaeminck, B. (2009). Effect of pH and level of 

concentrate in the diet on the production of biohydrogenation intermediates in a dual-flow continuous 
culture. Journal of Dairy Science, 92, 4456-4466. 

16. Griinari, J. M. & Bauman, D. E. (1999). Biosynthesis of conjugated linoleic acid and its incorporation into 
meat and milk in ruminants. Advances in conjugated linoleic acid research, 1, 180-200. 

17. Harfoot, C.G., Noble, R.C. & Moore, J.H. (1973). Factors influencing the extent of biohydrogenation 
of linoleic acid by rumen micro‐organisms in vitro. Journal of the Science of Food and Agriculture, 
24, 961-970. 

18. Hopkins, D. L., Ponnampalam, E. N., Van De Ven, R. J. & Warner, R. D. (2014). The effect of pH decline 
rate on the meat and eating quality of beef carcasses. Animal Production Science, 54, 407-413. 



   h+!K0��� 
�#?���� �� 51��	
 �� 4 � 
�����1399  347 

 
19. Hunter, J.E., Zhang, J. & Kris-Etherton, P.M. (2010). Cardiovascular disease risk of dietary stearic 

acid compared with trans, other saturated, and unsaturated fatty acids: a systematic review. 
The American Journal of Clinical Nutrition, 91, 46-63. 

20. Ichihara, K. I. & Fukubayashi, Y. (2010). Preparation of fatty acid methyl esters for gas-liquid 
chromatography. Journal of lipid research, 51, 635-640. 

21. Jenkins, T. C. & Bridges Jr, W. C. (2007). Protection of fatty acids against ruminal biohydrogenation 
in cattle. European Journal of Lipid Science and Technology, 109, 778-789. 

22. Katan, M.B., Zock, P.L. & Mensink, R.P. (1994). Effects of fats and fatty acids on blood lipids in 
humans: an overview. The American Journal of Clinical Nutrition, 60, 1017S-1022S. 

23. Kaneda, T. O. S. H. I. (1991). Iso-and anteiso-fatty acids in bacteria: biosynthesis, function, and 
taxonomic significance. Microbiology and Molecular Biology Reviews, 55, 288-302. 

24. Kitessa, S. M., Gulati, S. K., Ashes, J. R., Fleck, E., Scott, T. W. & Nichols, P. D. (2001). Utilisation of 
fish oil in ruminants: I. Fish oil metabolism in sheep. Animal Feed Science and Technology, 89, 189-199. 

25. Martin, S. A. & Jenkins, T. C. (2002). Factors affecting conjugated linoleic acid and trans-C18: 1 
fatty acid production by mixed ruminal bacteria. Journal of Animal Science, 80, 3347-3352. 

26. Najafi, M. H., Zeinoaldini, S., Ganjkhanlou, M., Mohammadi, H., Hopkins, D. L. & Ponnampalam, 
E. N. (2012). Performance, carcass traits, muscle fatty acid composition and meat sensory properties 
of male Mahabadi goat kids fed palm oil, soybean oil or fish oil. Meat Science, 92, 848-854. 

27. Nombekela, S.W. & Murphy, M.R. (1995). Sucrose supplementation and feed of dairy cows in early 
lactation. Journal of dairy science, 78, 880-885. 

28. NRC. (2006) Nutrient Requirements of Beef Cattle.7th Ed, National Academy Press. Washington 
DC USA. 

29. Oba, M. (2011). Review: Effects of feeding sugars on productivity of lactating dairy cows. Canadian  
Journal of  Animal  Science, 91, 37-46.  

30. Penner, G.B. & Oba, M. (2009). Increasing dietary sugar concentration may improve dry matter 
intake, ruminal fermentation, and productivity of dairy cows in the postpartum phase of the transition 
period. Journal of Dairy Science, 92, 3341-3353. 

31. Pirondini, M., Colombini, S., Mele, M., Malagutti, L., Rapetti, L., Galassi, G. & Crovetto, G. M. 
(2015). Effect of dietary starch concentration and fish oil supplementation on milk yield and 
composition, diet digestibility, and methane emissions in lactating dairy cows. Journal of dairy 
science, 98, 357-372. 

32. Ponnampalam, E. N., Lewandowski, P. A., Fahri, F. T., Burnett, V. F., Dunshea, F. R., Plozza, T. & 
Jacobs, J. L. (2015). Forms of n–3 (ALA, C18:3 n–3 or DHA, C22:6 n–3) fatty acids affect carcass 
yield, blood lipids, muscle n-3 fatty acids and liver gene expression in lambs. Lipids, 50, 1133-1143. 

33. Qiu, X., Eastridge, M. L., Griswold, K. E. & Firkins, J. L. (2004). Effects of substrate, passage rate, 
and pH in continuous culture on flows of conjugated linoleic acid and trans C18: 1. Journal of dairy 
science, 87, 3473-3479. 

34. Razzaghi, A., Valizadeh, R., Naserian, A.A., Mesgaran, M.D., Carpenter, A.J. & Ghaffari, M.H. 
(2016). Effect of dietary sugar concentration and sunflower seed supplementation on lactation 
performance, ruminal fermentation, milk fatty acid profile, and blood metabolites of dairy cows. 
Journal of Dairy Science, 99, 3539-3548. 

35. Relling, A.E. & Reynolds, C.K. (2007). Feeding rumen-inert fats differing in their degree of 
saturation decreases intake and increases plasma concentrations of gut peptides in lactating dairy 
cows. Journal of Dairy Science, 90, 1506-1515. 

36. Scollan, N.D., Choi, N.J., Kurt, E., Fisher, A.V., Enser, M. & Wood, J.D. (2001). Manipulating the 
fatty acid composition of muscle and adipose tissue in beef cattle. British Journal of Nutrition, 85, 
115-124. 

37. Seabrook, J.L., Peel, R.K. & Engle, T.E. (2011). The effects of replacing dietary carbohydrate with 
calcium salts of fatty acids on finishing lamb feedlot performance, blood metabolites, muscle fatty 
acid composition, and carcass characteristics. Small Ruminant Research, 95, 97-103. 

38. Shingfield, K.J., Lee, M.R.F., Humphries, D.J., Scollan, N.D., Toivonen, V., Reynolds, C.K. & 
Beever, D.E., (2010). Effect of incremental amounts of fish oil in the diet on ruminal lipid 
metabolism in growing steers. British journal of nutrition, 104, 56-66. 

39. Vlaeminck, B., Fievez, V., Tamminga, S., Dewhurst, R.J., Van Vuuren, A., De Brabander, D. & 
Demeyer, D., (2006). Milk odd-and branched-chain fatty acids in relation to the rumen fermentation 
pattern. Journal of dairy science, 89, pp.3954-3964. 

40. Wistuba T., Kegley E. & Apple J. (2006) Influence of fish oil in finishing diets on growth performance, 
carcass characteristics, and sensory evaluation of cattle. Journal of Animal Science, 84, 902-9. 

41. Wolf, C., Ulbrich, S.E., Kreuzer, M., Berard, J. & Giller, K. (2018). Differential partitioning of rumen-
protected n–3 and n–6 fatty acids into muscles with different metabolism. Meat science, 137, 106-113. 

42. Zakariapour Bahnamiri, H., Ganjkhanlou, M., Zali, A. & Ataei Nazari, S. (2018). Effect of fish oil 
supplementation and forage source on performance, rumen fermentation, nutrient digestion and 
chewing behaviour of Holstein bulls. Iranian Journal of Veterinary Medicine, 12, 153-166. 

43. Zebeli, Q., Aschenbach, J.R., Tafaj, M., Boguhn, J., Ametaj, B. N. & Drochner, W. (2012). Invited 
review: Role of physically effective fiber and estimation of dietary fiber adequacy in high-producing 
dairy cattle. Journal of Dairy Science, 95, 1041-1056. 
 


