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Table 1. Feed ingredients and chemical composition of experimental diet
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Figure 1. Otptlcal microscopic image of the small intestine tissue SJeJunum?. Hematoxylin and Eosin staining.

Magni

ication x 40. A) Normal diet x 0 mg/kg L-carnitine, B) Normal

diet x 100 mg/kg L-carnitine.

1) Villus length; 2) Villus thickness; 3) Intestinal crypt depth; 4) Intestinal crypt width (200 pm)
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Table 2. Effect of L-carnitine and Omega-3 fatty acids on the intestinal morphology of laying hens
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Figure 2. Optical microscopic image of the liver tissue. Hematoxylin and Eosin staining. Magnification x 40. A)

Normal diet x 0 mg/kg L-carnitine, B) Normal diet x 100 mg/kg L-carnitine.
1) Hepatocyte nucleus diameter; 2) Hepatocyte cell diameter (200 pum)
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Table 3. Effect of L-carnitine and Omega-3 fatty acids on the liver morphology of laying hens
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Figure 3. Optical mlcrosco ic |ma%e of the magnum tissue. Hematoxylin and Eosin staining. Magnification x 40. A)

Normal diet x

mg/kg L-carnitine, B) Normal diet x 100 mg/kg L-carnitine.

1) Magnum fold helght 2) Magnum fold thickness; 3) Epithelium; 4) Glands depth; 5) Glands inner diameter;6)
Internal muscle layer thickness; 7) outer muscle layer thickness (200 pm)
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Table 4. Effect of L-carnitine and Omega-3 fatty acids on the magnum morphology of laying hens
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Figure 4. Optical microscopic image of the isthmus tissue. Hematoxylin and Eosin staining. Magnification x 40. A)
Normal diet x 0 m /Iég L-carnitine, B) Normal diet x 100 mg/kg L-carnitine.

1) Isthmus fold height; 2) Isthmus fol

thickness; 3) Epithelium; 4) Glands depth; 5) Glands inner diameter;6)

Internal muscle layer thickness;7) outer muscle layer thickness (200 pwm)
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Table 5. Effect of L-carnitine and Omega-3 fatty acids on the isthmus morphology of laying hens

e 3l s 3 Gos Mas aY cubs  Hlas oY cubrs  ddy <ol glis) e cwls e i)l L
(09:5) (509,5) (e9,%) (25 (09,55) 1 (509,5) (509:5) (509:5) )
Oy Al
a/a-y FYE/¥AY fa/ysy? av/yy- YAS¥Y Yos/sov* vory/ve.? o o
AYE- £-5105Y vy/sa¥? ov/+AD YV/¥08 FYVD-YY Y. /Ny’ Loy A
-Jovs VAIVAY FIYYA YIvss V/Ars YV oV/¥as SEM
(pSskSTp )5 o) oty 5= I
yy/aay? arv/aay? FY/YAD 00/YYVE vo/1aa? YOl/a¥0 YEYA/Y.® .
vay.” YASI00Y” YA/~ AD ov/-as Vvslevy? SAVNYEY Yvoy/ao® Voo
v/.e? TYEAAVY YOI OY/\YY TY/AY? £1\0/005Y YAYS/AY® Yoo
-I5¥0 Y¥/.y o+ FAYY YivsQ FoVeY SY/AFY SEM
Jlize 31
(S 9STpyS o) sy S=JIx 2 gl
VE/YOVD YYZAN TAYA- PNV yvisa® voav/kavt o oyvyvsa® JE I
Y/FAY FYSIYYY oY/Ya0 av/yay VF/AYa Ve Ve®  YYse/AaY? Voo X jho
YIAV- VUM ¥Y/A-Y ox/-av FE/Y-Y FOYATYS  YAYALSYY Yor X jho
VWYY OVNASY Fo/ra. FAVEY £Y/vva? FEVERYS VASETYY” Yo X duo
N¥ov TEEIVYTY YY/¥VO YA VALY SYY/YAV vvEY/Y.Y? Voo X dw
FINY YO¥/+20 YEIYAY ISTARN YV/avy™ YWAYYD®  vava/ava® Yoo du
-V TY/OY v/¥ay OIAY L7ARR OV/05 INAE SEM
(p-value) Jlois! pda ot @
A2 NI NAY -/¥as <ISFA e /oYY O el
o ooy <I5YA vas oo o5y ofoeen o 5=l
¥ -IyYs +AY -[av- Jeeey ey oA o 5=l X O sl

(Pl 0) X5l o gixe BWB] KouSy b ygis 3 glite Bgy> b (sl 1Slie 1abC
3, Ske 5 )li5lkl gllas SEM
bl o Y= Kal a3 ¥ (g9l 0 if 0y 9 Y=IKol Mo )3 jho (g9l Jgome 0y 1

wej il 2 yrdp Olllle plonl 08 lSess slagre LV er 938l &S O (LS oS ol @l (S ysba

Dy dpog L g8 sleoys 4 )8l p)SelS )y )5 e Ve
a5 el lhibesy, po Pl VIl o ot

S19pd g Suid eSS 2 eSS ke Ver 0958l g 08 IS sl e

g Ghyid g S ilye (Bieny abwy ol &

S coles BB @ louyel wdpmoles s
B il oroen il (o Sl @b cal Gl Gl
@ ey (o) pyST Jgw) b @lio g (5559LiS" 90l
9 R3S Ero Shygn o ook 1B Skl bl
M 858 copde | rizren 9 2L Cliees

in @B el el Jgems slaoye 4 i) l5- )
Cluogad b ¥ Bl 1 e slooy )3 5 039,
Loy Y-8l (gl oy (Jy cudlis 039, (S035le8y5e
oy & o) =l p)SokSy oS e Ve 3958l
g saion) 5 poiSe e £li5)) Ltaljl el YISl | ors
gy (ool 5 peSe) Syl Cundy gm0

Dede &yl Kol (puoli (el Jleo gy SMF Oes dgte e Wi &5 A3 ISess

&l

. Andoh, A., Y. Fujiyama, Y. Araki, T. Kimura, T. Tsujikawa and T. Bamba. 2001. Role of complement

activation and mast cell degranulation in the pathogenesis of rapid intestinal ischemia/reperfusion injury in
rats. Journal Digestion, 63: 103-107.

. Apperson, K.D. and G. Cherian. 2017. Effect of whole flax seed and carbohydrase enzymes on

gastrointestinal morphology, muscle fatty acids, and production performance in broiler chickens. Poultry
Science Journal, 965: 1228-1234.
Boros, M., B. Orddgh, J. Kaszaki and S. Nagy. 1999. The role of mast cell degranulation in ischaemia-

- reperfusion-induced mucosal injury in the small intestine. Annals of the Academy of Medicine, Singapore,

28: 79-84.

Baurhoo, B., L. Phillip and C. Ruiz-Feria. 2007. Effects of purified lignin and mannan oligosaccharides on
intestinal integrity and microbial populations in the ceca and litter of broiler chickens. Poultry Science
Journal, 86: 1070-1078.

Bentley-Hewitt, K. 2010. Impact of different dietary long-chain polyunsaturatd fatty acids on survival of

. probiotic bacteria in colonic cell lines. Ph.D thesis, University of East Anglia, England.

Berenjian, A., S.D. Sharifi, A. Mohammadi-Sangcheshmeh and M.R. Bakhtiarizadeh. 2020. Omega-3 fatty

" acids reduce the negative effects of dexamethasone-induced physiological stress in laying hens by acting

through the nutrient digestibility and gut morphometry. Poultry Science Journal. In Press.
Bozkurt, M., M. Cabuk and A. Algigek. 2008. Effect of dietary fat type on broiler breeder performance and

. hatching egg characteristics. Journal of Applied Poultry Research, 17: 47-53.


http://dx.doi.org/10.52547/rap.12.31.31
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.1.2
https://rap.sanru.ac.ir/article-1-1143-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-13 ]

[ DOR: 20.1001.1.22518622.1400.12.31.1.2 ]

[ DOI: 10.52547/rap.12.31.31]

¥ &5].){91 5039, aS cdl n:"l“‘"""”) ROy ) At e L;Lm,\ﬁ.ul 9 M)K—JI )‘\ ool )ub

8. Calviello, G., P. Palozza, N. Maggiano, P. Franceschelli, F. Di Nicuolo, M.E. Marcocci and G.M. Bartoli.
1999. Effects of eicosapentaenoic and docosahexaenoic acids dietary supplementation on cell proliferation
and apoptosis in rat colonic mucosa. Journal Lipids, 34: 11-21.

9. Chen, Y., Z. Sun, Z. Liang, Y. Xie, X. Tan, J. Su and A. Wang. 2020. Addition of I-carnitine to formulated
feed improved growth performance, antioxidant status and lipid metabolism of juvenile largemouth bass,
Micropterus salmoides. Journal Aquaculture, 518: 434-734.

10. Czerwiniski, J., M. Bogacki, B. Jalali, P. Konieczka and S. Smulikowska. 2015. The use of genetically
modified Roundup Ready soyabean meal and genetically modified Mon 810 maize in broiler chicken diets.
Part 1. Effects on performance and blood lymphocyte subpopulations. Journal of Animal and Feed
Sciences, 24: 134-143.

11. Duran, J.M., M.J. Peral, M.L. Calonge and A.A. llundain. 2002. Functional characterization of intestinal L-
carnitine transport. Journal of Membrane Biology, 185: 65-74.

12. Fisher, S.A., J. Hampe, C.M. Onnie, M.J. Daly, C. Curley, S. Purcell and A. Forbes. 2006. Direct or
indirect association in a complex disease: the role of SLC22A4 and SLC22A5 functional variants in Crohn
disease. Journal of Human Mutation, 27: 778-785.

13.Geng, A., Y. Guo and J. Yuan. 2004. Effects of dietary L-carnitine and coenzyme Q10 supplementation on
performance and ascites mortality of broilers. Archives of Animal Nutrition, 58: 473-482.

14. GonzalezEsquerra, R. and S. Leeson .2000. Effect of feeding hens regular or deodorized menhaden oil on
production parameters, yolk fatty acid profile, and sensory quality of eggs. Poultry Science Journal, 79:
1597-1602.

15. Gonzalez-Esquerra, R. and S. Leeson. 2001. Alternatives for enrichment of eggs and chicken meat with
omega-3 fatty acids. Canadian Journal of Animal Science, 8: 295-305.

16. GonzalezMoran, M.G. 2016. Changes in progesterone receptor isoforms expression and in the morphology
of the oviduct magnum of mature laying and aged nonlaying hens. Biochemical and Biophysical Research
Communications, 478: 999-1005.

17.1ji, P., A. Saki and D. Tivey. 2001. Intestinal development and body growth of broiler chicks on diets
supplemented with non-starch polysaccharides. Animal Feed Science and Technology, 89: 175-188.

18. lkeda, H., Y. Suzuki, M. Suzuki, M. Koike, J. Tamura, J. Tong and G. ltoh. 1998. Apoptosis is a major
mode of cell death caused by ischaemia and ischaemia/reperfusion injury to the rat intestinal epithelium.
Journal Gut, 42: 530-537.

19.Jacob, M. and M.R. Bakst. 2007. Developmental anatomy of the female reproductive tract. Journal
Reproductive Biology and Phylogeny of Birds, 23: 140-175.

20.Jing, M., P. Munyaka, G. Tactacan, J. Rodriguez-Lecompte and J. House. 2014. Performance, serum
biochemical responses, and gene expression of intestinal folate transporters of young and older laying hens
in response to dietary folic acid supplementation and challenge with Escherichia coli lipopolysaccharide.
Poultry Science Journal, 93: 122-131.

21.Karimirad, R. and H. Khosravinia. 2019. Effects of In Ovo Feeding of L-Carnitine and Satureja
Khuzistanica Extract on Hatchability, Post-Hatch Performance and Carcass Characteristics in Broiler
Chickens. Research on Animal Production (Scientific and Research), 10: 35-44.

22. Kazemi-Fard, M., S. Yousefi, E. Dirandeh and M. Rezaei. 2015. Effect of different levels of L-carnitine on
the productive performance, egg quality, blood parameters and egg yolk cholesterol in laying hens. Poultry
Science Journal, 3: 105-111.

23. Kheravii, S.K., R.A. Swick, M. Choct and S.B. Wu. 2018. Upregulation of genes encoding digestive
enzymes and nutrient transporters in the digestive system of broiler chickens by dietary supplementation of
fiber and inclusion of coarse particle size corn. BMC genomics, 19: 208.

24. Konieczka, P., M. Barszcz, M. Choct and S. Smulikowska. 2018. The interactive effect of dietary n-6: n-3
fatty acid ratio and vitamin E level on tissue lipid peroxidation, DNA damage in intestinal epithelial cells
and gut morphology in chickens of different ages. Poultry Science Journal, 97: 149-158.

25. Kripke, S.A., AD. Fox, J.M. Berman, R.G. Settle and J.L. Rombeau. 1989. Stimulation of intestinal
mucosal growth with intracolonic infusion of short-chain fatty acids. Journal of Parenteral and Enteral
Nutrition, 13: 109-116.

26. Krueger, W., J. Bradley and R. Patterson. 1977. Intracyion of gentian violet and lactobacillus organisms in
diet leghorn hens. Paper Presented at the Poultry science, 65: 219-223.

27.Kuenzler, K.A., P.Y. Pearson and M.Z. Schwartz. 2002. Interleukin-11 enhances intestinal absorptive
function after ischemia-reperfusion injury. Journal of Pediatric Surgery, 37: 457-459.

28. Lakshmi, M.S. and K.R.N.D.P. Kumar. 2018. Histochemical studies on the oviduct of Emu bird (Dromaius
novaehollandiae). International Journal of Science, Environment and Technology, 1: 186-192.

29. Leeson, S. and J.D. Summers. 2009. Commercial poultry nutrition. Nottingham University Press.

30. Metcalfe, L., A. Schmitz and J. Pelka. 1966. Rapid preparation of fatty acid esters from lipids for gas
chromatographic analysis. Journal Analytical Chemistry, 38: 514-515.

31.Nain, S., R. Renema, M. Zuidhof and D. Korver. 2012. Effect of metabolic efficiency and intestinal
morphology on variability in n-3 polyunsaturated fatty acid enrichment of eggs. Poultry Science Journal,
91: 888-898.

32. Nosvan Rajab Zadeh, M. and M. Rezaei. 2013. Effect of I-Carnitine supplementation to diets with different
sources of fat on performance, body composition and blood parameters in broiler chickens. Research on
Animal Production (Scientific and Research), 3: 40-52.


http://dx.doi.org/10.52547/rap.12.31.31
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.1.2
https://rap.sanru.ac.ir/article-1-1143-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-13 ]

[ DOR: 20.1001.1.22518622.1400.12.31.1.2 ]

[ DOI: 10.52547/rap.12.31.31]

£ Ve o ke /YY ojladd /pmdjlgy Jlo ols cladss slouimg sy

33.0nderci, M., N. Sahin, K. Sahin, G. Cikim, A. Aydin, I. Ozercan and S. Aydin. 2006. Efficacy of
supplementation of a-amylase-producing bacterial culture on the performance, nutrient use, and gut
morphology of broiler chickens fed a corn-based diet. Poultry Science Journal, 85: 505-510.

34.0s0, A., A. Fafiolu, M. Adeleke, O. Ladokun, R. Sobayo, A. Jegede and J. Akinsola. 2014. Effect of
dosage and application mode of I-carnitine on plasma lipid and egg yolk cholesterol of turkeys, hatchability
of eggs and post-hatch growth of their off springs. Journal of Animal Physiology and Animal Nutrition, 98:
766-774.

35. Parker, H.M., N.A. Johnson, C.A. Burdon, J.S. Cohn, H.T. O’Connor and J. George. 2012. Omega-3
supplementation and non-alcoholic fatty liver disease: a systematic review and meta-analysis. Journal of
Hepatology, 56: 944-951.

36. Peebles, E., M. Kidd, C. McDaniel, J. Tanksley, H. Parker, A. Corzo and J. Woodworth. 2007. Effects of
breeder hen age and dietary L-carnitine on progeny embryogenesis. British Poultry Science, 48: 299-307.
37.Peterson, L.W. and D. Artis. 2014. Intestinal epithelial cells: regulators of barrier function and immune

homeostasis. Journal Nature Reviews Immunology, 14: 141-153.

38. Peltekova, V.D., R.F. Wintle, L.A. Rubin, C.I. Amos, Q. Huang, X. Gu and G. Greenberg. 2004. Functional
variants of Octn cation transporter genes are associated with Crohn disease. Nature Genetics, 36: 471-475.

39. Perry, M.M., A.B. Gilbert and A.J. Evans. 1978a. Electron microscope observations on the ovarian follicle
of the domestic fowl during the rapid growth phase. Journal of Anatomy, 125: 481-497.

40. Perry, M.M., A.B. Gilbert and A.J. Evans. 1978b. the structure of the germinal disc region of the hen’s
ovarian follicle during the rapid growth phase. Journal of Anatomy, 127: 379-392.

41. Peterson, L.W. and D. Artis. 2014. Intestinal epithelial cells: regulators of barrier function and immune
homeostasis. Journal Nature Reviews mmunology, 14: 141-153.

42.Prasad, R., K. Alavi and M.Z. Schwartz. 2000. Glucagonlike peptide-2 analogue enhances intestinal
mucosal mass and absorptive function after ischemia-reperfusion injury. Journal of Pediatric Surgery, 35:
1537-1539.

43. Radtke, F. and H. Clevers. 2005. Self-renewal and cancer of the gut: two sides of a coin. Journal Science,
307: 1904-1909.

44, Radwan-Nadia, L., R. Hassan, E. Qota and H. Fayek. 2008. Effect of natural antioxidant on oxidative
stability of eggs and productive and reproductive performance of laying hens. International Journal of
Poultry Science, 7: 134-150.

45, Sah, N. and B. Mishra. 2018. Regulation of egg formation in the oviduct of laying hen. World's Poultry
Science Journal, 74: 509-522.

46. Seol, H.S., K. Sato, H. Murakami, M. Toyomizu and Y. Akiba. 2006. Changes in gene expression involved
in energy utilization during chicken follicle development. Animal Reproduction Science, 95: 283-294.

47.Shafey, T.M., H.A. AlBatshan, A.N. AlOwaimer and K.A. AlSamawei. 2010. Effects of in ovo
administration of L-carnitine on hatchability performance, glycogen status and insulin-like growth factor-1
of broiler chickens. British Poultry Science, 51: 122-131.

48. sofi, F., I. Giangrandi, F. Cesari, I. Corsani, R. Abbate, G.F. Gensini and A. Casini. 2010. Effects of a 1-
year dietary intervention with n-3 polyunsaturated fatty acid-enriched olive oil on non-alcoholic fatty liver
disease patients: a preliminary study. International Journal of Food Sciences and Nutrition, 61: 792-802.

49. Suresh, D. and K. Srinivasan. 2007. Studies on the in vitro absorption of spice principles—curcumin,
capsaicin and piperine in rat intestines. Food and Chemical Toxicology, 45: 1437-1442.

50. Tancharoenrat, P., V. Ravindran, F. Zaefarian and G. Ravindran. 2014. Digestion of fat and fatty acids
along the gastrointestinal tract of broiler chickens. Poultry Science Journal, 93: 371-379.

51.Wang, Y., D.B. Gunasekara, M.l. Reed, M. DiSalvo, S.J. Bultman, C.E. Sims and N.L. Allbritton. 2017. A
microengineered collagen scaffold for generating a polarized crypt-villus architecture of human small
intestinal epithelium. Journal Biomaterials, 128: 44-55.

52.Willems, E., E. Decuypere, J. Buyse and N. Everaert. 2014. Importance of albumen during embryonic
development in avian species, with emphasis on domestic chicken. World's Poultry Science Journal, 70:
503-518.

53. Xu, Z., M. Wang, H. Mao, X. Zhan and C. Hu. 2003. Effects of L-carnitine on growth performance, carcass
composition, and metabolism of lipids in male broilers. Poultry Science Journal, 82: 408-413.

54.Yang, Y., P. lji, A. Kocher, L. Mikkelsen and M. Choct. 2008. Effects of dietary mannanoligosaccharide on
growth performance, nutrient digestibility and gut development of broilers given different cereal-based
diets. Journal of Animal Physiology and Animal Nutrition, 92: 650-659.

55.Zadeh Adamnezhad, H. and J. GhiasiGhalehkandi. 2018. Growth performance and the intestine
morphometry of Japanese quail that fed diets supplemented with vitamin E and Selenium. Iranian Journal
of Veterinary Medicine, 12; 323-334.

56. Zolfaghari, H., K., Jafarian, B. Iraj and G. Askari. 2014. The Role of omega-3 fatty acids on the prevention
and treatment of nonalcoholic fatty liver disease: A Review of Published Papers. Journal of Isfahan
Medical School, 32: 276-283.

57.Zhang, J.C., P. Chen, C. Zhang, M.M. Khalil, N.Y. Zhang, D.S. Qi and L.H. Sun. 2020. Yeast culture
promotes the production of aged laying hens by improving intestinal digestive enzyme activities and the
intestinal health status. Poultry Science Journal, 4; 2026-2032.



http://dx.doi.org/10.52547/rap.12.31.31
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.1.2
https://rap.sanru.ac.ir/article-1-1143-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-13 ]

[ DOR: 20.1001.1.22518622.1400.12.31.1.2 ]

[ DOI: 10.52547/rap.12.31.31]

Research on Animal Production, Vol. 12, NO. 31, SPring 2021 .........uiuiiniuniiiiei ettt

The Effect of L-Carnitine and Omega-3 Fatty Acids in the Diet on Morphology of
Liver, Intestine and Oviduct of Laying Hens

Hasan Rouhanipour?, Seyed Davood Sharifi? and Gholam Hosein Irajian®

1- M.Sc. Student, Department of Animal and Poultry Science, Aburaihan Campus, University of Tehran, Pakdasht,
Iran
2- Associate Professor, Department of Animal and Poultry Sciences, Aburaihan Campus, University of Tehran,
Pakdasht, Iran (Corresponding author: sdsharifi@ut.ac.ir)
3- Assistant Professor, Department of Animal Science, Damghan Extension and Technology Develo
Received: October 19, 2020 Accepted: January 28, 2021

Abstract

Morphological changes in vital organs such as the liver, intestines and oviducts of laying hens by
feeding certain compounds can affect their productive performance. This study was conducted to
investigate the morphological changes in the liver, intestine and oviduct tissues of laying hens by feeding
on omega-3 riched diets containing different levels of L-carnitine. One hundred tewnty laynig hens were
used at 34-44 weeks of age. Laynig hens allocated into 2x3 factorial experiment with two levels of
omega-3 (zero, 3%) and three levels of L-carnitine (zero, 100 and 200 mg/kg) in a completely
randomized design with 6 treatments and 5 replicates and 4 birds per each. Diets containing 100 mg/kg L-
carnitine increased the crypt width in intestinal (P<0.05). The effect of L-carnitine and omega-3 fatty
acids on the diameter of the hepatocyte nucleus and the diameter of the hepatocyte cell in the liver was
not significant. Feeding diets rich in omega-3s increased the height of the epithelium of the magnum
(P<0.05). Adding 100 mg/kg of L-carnitine to normal or omega-3-rich diets increased fold height in
Isthmus (P<0.05). It could be concluded that adding 100 or 200 mg/kg of L-carnitine to diets enriched by
omega-3 fatty acids had no effect on hepatocyte nucleus and cell diameter. Diet containing omega-3 or
adding 100 mg / kg L-carnitine to diet containing omega-3 had a negative effect on the height of intestinal
villi but increased the height and thickness of the folds and epitelium tissue which can improve the
production performance of laying hens. Further studies are recommended in this area.
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