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Introduction: Today, the tendency to find healthy and safe additives in livestock and poultry has increased.
Plants and their products include plant extracts, essential oils or their ingredients, including alternative growth
stimuli, which are due to their antimicrobial properties in the animal feed industry and in the field of testing.
Cinnamon is a plant from the Lauraceae family and has different species, the most famous of which are two species:
species, Cinnamomumorum, known as the Cinnamon, Cinnamon Market, is one of the most desirable types of
cinnamon, and the species, Cinnamomum Cassia, which is mainly in China, Vietnam and Indonesia, is called
Cinnamon China and Saigon. These two types of cinnamon are not the same in quality, but due to their many
similarities in terms of properties and perfumes, in most parts of the world they do not differentiate for these two
types of cinnamon. Cinnamon is commonly used in the animal feed and poultry because of its specific fragrance
cinnamon essential oil is the only important part of cinnamon that contains 1 % in the plant. The main ingredients of
cinnamon cinnamaloids, hydroxy cinnamaldehy, eugenol, safrol, cinnamil acetate, cinnamyl alcohol, carvacrol,
cumarin, terminoids, phenylprophanoids, and karyophylline can be used to treat insulin-like activity. Cinnamon
essential oils are responsible for the taste, the expansion of anti-inflammatory, antimicrobial and antioxidant
activity. The researchers consider the antioxidant effect of cinnamon to be more related to the two compounds of
eugenol and methyl hydroxy chalkon. Eughansol improves the activity of glutathione peroxidase and enhances
resuscitated glutathione. It has shown that cinnamon extract prevents the growth of some bacteria, such as
Helicobacter Pillari, E. Coli, Entreococcus, Sinodomonas, Staphylococcus and Salmonella, thereby increasing the
relative population of the lactobacillus. It is guessing that terminoids and phenyropopanoids in cinnamon oil are
penetrated into the membrane membrane of the bacteria and thus destroy them. In another study, cinnamon
antimicrobial properties attributed to the contents of cinnamady, eugenol and carvacrol. In spite of the enormous
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impact of cinnamon compounds, limited absorption, rapid metabolism, high solubility and the rapid elimination of
the biological systemic system is extremely limited and thus strictly limited its medicinal role. One of the suggested
ways is to use cinnamon in the form of nanoparticles that can enhance the absorption, solubility and protection of its
compounds against hydrolysis. Therefore, the main purpose of this study was to evaluate nanocinomon
(nanoparticles of dry cinnamon extract) on the function of the meat chickens.

Materials and Methods: A study was conducted to investigate the effects of cinnamon nanoparticles on growth
performance, digestive enzyme activity, thyroid hormone levels, and ileum bacterial population in broiler chickens.
A total 500 of broiler chickens ROSS 308 in a completely random design to five treatments, each treatment was
assigned in five repetitions with 20 one -day -old chickens. Five experimental treatments included: 1- control (fed
with basal diet) and 2, 3, 4 and 5 treatments were the basal diet plus 150, 300, 450 and 600 mg of cinnamon
nanoparticles per kg of feed, respectively. Ultrasonic method was used to synthesize synthesis.

Results and Discussion: The results showed that the supplementation of cinnamon nanoparticles significantly
increased feed consumption, increased weight gain, and reduced feed conversion ratio and mortality (P <0.05). The
best growth performance was found in 450 mg of cinnamon nanoparticles group. The results of the effect of
cinnamon nanoparticles of the digestive enzymes also showed that cinnamon nanoparticles had a significant effect
on increased secretion of gastrointestinal enzymes, and the highest levels of digestive enzymes in the serum was
found in 450 mg nanoparticles cinemaon group (P <0.05). The results for thyroid hormones indicated that cinnamon
nanoparticles did not significantly affect serum TSH levels. However, they significantly reduced serum T3 levels
and increased T4 levels (P < 0.05). Additionally, analysis of the intestinal microbiota in broiler chickens showed
that cinnamon supplementation reduced the population of E. coli and significantly increased the population of
Lactobacillus bacteria (P < 0.05).

Conclusion: Generally, the results of this study showed that the use of cinnamon nanoparticles at 450 mg can
improve performance by increasing feed consumption, increased digestive enzyme secretion and improved the
intestinal microbial population and improved performance.

Keywords: Bacterial population, Cinnamon nanoparticles, Chickens, Digestive enzymes, Growth, Thyroid
hormones
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Figure 1- Scanning electron microscope (SEM) images of cinnamon nanoparticle at different magnifications
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Table 1- The ingredients and composition of the basal diet

ol ) iy
(123) oy 52! (539 )-)°) (5390 W-YY) (539, YO-¥Y)
Ingredients (%) Starter Grower Finisher

(0-10 d) (11-24 d) (25-42 d)

(Pl 03 202 4) &5 55.88 58.96 62.67
Corn (8% CP)
(059 22,2 FF) Ly oS 37.16 34.06 29.73
Soybean meal (44%CP)
bgw 059 . 2.22 2.95 3.75
Soybean oil
Syt e 131 1.07 1.06
Calcium carbonate
Sland ol 53 1.79 1.55 1.49
Di-calcium phosphate
sy oo 0.25 0.25 0.25
Vitamin premix*
e JoSa 0.25 0.25 0.25
Mineral premix?
L 0.50 0.50 0.43
NaCl
(022 ) gl 2 0.35 0.27 0.24
DL-methionine (99%)
(222 VA) 2, g 20 (5=l 0.29 0.14 0.13
L-lysine HCL (78%)
odddule (gdxe dlgo S
Nutrient composition (calculated)
(f;?l"'{ » d)n§9l‘$§) W&JL" J"u 65)5‘ 2900 3000 3100
Metabolizable energy (kcal/kg)
(v03) & xSz 21.10 20.00 18.41
Crude protein, %
(8053) el 1.00 0.86 0.82
Calcium (Ca), (%)
(3053) e 0.21 0.21 0.19
Sodium (Na), (%)
(22)3) (o> JB yhund 0.48 0.43 0.41
Available phosphorus, (%)
(022) oizie 0.68 0.57 0.52
Methionine, %
Qo ) gl + po gk
(b033) Cues + Ol 1.02 0.90 0.83
Methionine + cysteine, %
(x25) o234 1.37 1.18 1.05
Lysine, %

@S YIS0 B2 polig )5 VY B polig )5 /A K3 puoling 0 )5 VIV B ppoling heeve 1U D3 uolipg 5

S ke s B2 freling 0,3 +/F B ueling 0,5 VM B pelig )5 VWA B3 elig

poes oAy p 5 VA o 5 (0l 5V g9 5 YFIM (1S ) 5520 p,5 YUSA cyl)IS oS p)5 Ve gl Sma Slgo JoSa p SlS o7

L Every kilogram vitamin supplement containing: vitamin A: 3600000 IU, vitamin Da: 1U800000, vitamin E: 7.2 g, vitamin K3: 0.8g,
vitamin B1: 1.7 g, vitamin B2: 2.65 g, vitamin Bs: 11.88 g, vitamin Be: 1.88 mg, vitamin B9: 0.4g, Vitamin B12: 6 mg,

2 Every kilogram mineral supplement containing: chloride chlorine: 100 g, manganese (oxide): 39.68 g, Zn: 34.88 g, Fe: 20 g, Cu:

4g, iodine: 0.396 mg and Se: 0.08 g.
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Table 2- Growth performance of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age.

(2l oy p)SobS" 2 5 o) igoliow Sy pass

el

ltems CNPs level (mg/kg diet) SEM  P-value
0 150 300 450 600

(p5) 2 roe S 3037.00 385050  3867.6° 37422¢ 43524° 3166  0.016

Feed Intake [g]

(p5) abol> 35 612 2540.0¢  2490.0°  2930.0°  2970°  2790® 7543  0.006

Body weight gain [g]

(s #.5) 43355 03 L1 60.47°  59.28° 69.761 70718  66.42° 103  0.001

Daily weight gain [g/d]

(039 pSTSL £55) Sy Jodd o

Feed conversion ratio 1550 1,550 1.32b 1.26° 1568 0027  0.033

[g feed/g gain]

(1o) S &5 4,002 0.02 0.02° 0.00¢ 000 003  0.010

Mortality rate (%)

(P>e/+0) asb oo doyd et gdans ) I3 xe M suimd il indy yo )3 aliiop gy gl sla ko
L)AiJLuQ )'l >)|.x5l:wl s :SEM
Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means

3 olge sgue s g Slygd Bpan Gliwe (sdne Blge Ll e
Lo liol 53 3530 (J5id Sl 5 )35 o Sl 5 )lsS ol
oAl oly jl g 039 eS|l g (9Sueins olyS
lom il gdy S0 g ()lsS olfiws )3 pae sl Sl
Cross etal., ) 1, 5,Slae il38l 1 (s 550 g Cuto 6l (5,165
9 (opebis S350 )5 oo 54+ ) Yl b 3l slizal (2007
BLS lagulol b Slyg s Bpas (ials cuw Ghiod 0l
ALl JLsb g oo j) oYL bl gols o0 cliblone
SSb Al i) 9 A5 pab b g Conl Ko 45 St gl
Ol g 5,65 5l 0k plitel o L Iyl b5 y3lie s
(Hernandez et al., 2004) >55 oo STys3 & a0
oS sl S 5 48 o5, S 58 ol pogdle
Sl e b gyl S ¥ 5 g g0 S9SNyl
9 e 3)Slas S90Sl 039 slajy 5l cblis b g 0392 2V
(Miraghaee >4 0 (565 (sladngs o lab jials 5 Gls

o bope Shhed fas cupd Cnyie 9 085 Oy Cryide
e (P<e/+0) 392 (galiwsil p)S oo ¥0+ 5 o v (glaslows
) 35 Ogolisil oS (o ¥0+ Jlass 4 bgye ag 3l
(e gl e g p)S (ee)O0 )3 (ygeliwnil g2 (P<+/r0
sgde s ialejl (5595 VXY 0y90 0 @lali jgalS cuw (gl
prS e Fee 9 Y00 slalog any byye Ll (a8 ol
(P<-/+0 ) 3y ygoliawsil

gl 5l (36 (B8 059 pRIB g Sh Bpae il
SS9 ol (S S o8 Copols Loty sl (S0 gl
Bl el 53 3290 adAllelinws S SL Qlo g puan Jos 4
OlaS 5 dawlyds Slg o Ol g wan 3 Sles d90 ol pogMe
9 2520l Sy S15)S 5 oo S 51 )b )3 35290 Jlb
(Fathi et al., 2017; AL-Kassie et al., 2009) 1L Jg34!
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Table 3- Digestive enzymes of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age.
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Table 4- lleal bacterial population of broiler chicks as affected by dietary cinnamon nanoparticles (CNPs) at 6 wk of

age.
SomerSee led (b oy p55kS 52 p)5 shie) golis i35l s
Microbiological count CNPs level (mg/kg diet)
SEM P-value
(Log 10 CFU/qg fresh digesta) 0 150 300 450 600
E. coli 4.89 4.80 4.32 4.50 4.41 0.68 0.42
Lactic acid bacteria 2.61° 2.70° 2.61° 3.70°  3.81° 0.23 0.010

(P>+/+0) w5b oo doy> iy aw 53 o ine BT oximd L5 Ciudy ya 50 aliiepé g > (il (gl Sibio
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means. CFU: Colony Forming Unit.
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Table 5- Thyroid hormones profile of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age

(2he oy pSolS 1 p)S i) gl 3950 s

‘I‘:;”T']’; CNPs level (mg/kg diet) SEM  P-Value
0 150 300 450 600
T3 (ng/d)) 0.70% 0.68% 0.61° 055° 0419 003 0201
T4 (ug/dl) 0.580 0.600 0.59° 0.60° 069 002 0010
TSH (mlU/l) 1.34 1.29 1.32 1.25 115 006 0.17
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means



Ol g (GbgS slaazgr > Ol s g a8y 5 Sles S (G S ol

sladagr o 3 geliw Gl o culio (pulul

loyr oS 4 sy o Jlai & cptaloj] ol gl ol
()55 slam il b dgme b Yloisl pgaliw 39
D3] e a5 ,5 008 3 Sles 290 (izen g 039 (oM

g g5 0.5 o 0+ g 255

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Asadi Siah Choghaei, F., Akbari Gharaei, M., Saifali Varmaghani, S., kamran taherpour, K., & Shamsollah, M.
(2022). Effect of different levels of guar gum and and -mannanase on the performance and immune response of
broiler. Animal Science Research, 32(1), 31-44. (in Persian). https://doi.org/10.22034/AS.2022.36969.1534

AL-Kassie, G. A. M. (2009). Influences two plant extracts derived from thyme and cinnamon on broiler

performance. Pakistan Veterinary Journal, 29, 169-173.

Ali, S., Mukhtar, M., & Manzoor, S. (2014). Effect of garlic, black seed and turmeric on the growth of broiler
chicken. Pakistan Journal of Nutrition, 13(4), 204-210. https://doi.org/10.3923/pjn.2014.204.210.

Anguo, C., Jinxin, X., Caimei, Y., & Qihua, H., (2008). Effect of cinnamon extract on growth performance and
excreta urease activity and nitrogen loss in broilers. American Society of Agricultural and Biological Engineers.
https://elibrary.asabe.org/abstract.asp. https://doi.org/10.13031/2013.25517

Brenes, A., & Roura, E. (2010). Essential oils in poultry nutrition: Main effects and modes of action. Animal Feed

Science and Technology, 158, 1-14 .https://doi.org/10.1016/j.anifeedsci.2010.03.007

Behrooz Lak, M. A., Abadi, A. H., Hassan Nasiri Moghadam, H., & Kermanshahi, H. (2014). Effect of different
levels of cinnamon powder, with antibiotic and probiotic on performance and carcass characteristics of broiler
chickens. Research on Animal Production, 5(9), 25-35. (in Persian).

Brewe, M. S. (2011). Natural antioxidants: sources, compounds, mechanisms of action, and potential application.
Comprehensive Review in Food. Science Food Safety, 10(4), 221-247.

Ciftci, M., Simsek, U. G., Yuce, A,, Yilmaz, O., & Dalkilic, B. (2010). Effects of dietary antibiotic and cinnamon
oil supplementation on antioxidant enzyme activities, cholesterol levels and fatty acid compositions of serum and
meat in broiler chickens. ACTA VETERINARIA BRNO, 79, 33-40. https://doi.org/10.2754/avh201079010033
Corduk, M. N., Ceylan, N., Dede, C., & Tel, O. (2008). Effects of novel feed additives on performance, carcass
traits and E. coli, aerobic bacteria and yeast counts in broilers. Archive fur Geflugelkunde, 72, 61-67.
https://doi.org/10.1016/S0003-9098(25)00881-1

Cross, D. E., Mc Devitt, R. M., Hillman, K., & Acamovic, T. (2007). The effect of herbs and their associated
essential oils on performance, dietary digestibility and gut microflora in chickens from 7 to 28 days of age. British
Poultry Science, 48, 496-506. https://doi.org/10.1080/00071660701463221.

Fathi, M., Nik Guo, A., & Mehri, M. (2017). Effects of cinnamon powder levels on performance, antioxidant
status, meat oxidative stability, enzymes activity and some blood parameters in broiler chickens. Research on
Animal Production, 8(17), 18-25. (in Persian). http://dx.doi.org/10.29252/rap.8.17.18

Gaique, T. G., Lopes, B. P., Souza, L. L., Paula, G. S. M., Pazos-Moura, C. C., & Oliveira, K. J. (2016).Cinnamon
intake reduces serum T3 level and modulates tissue-specific expression of thyroid hormone receptor and target
genes in rats. Journal of the Science of Food and Agriculture, 96, 2889-2895. https://doi.org/10.1002/jsfa.7460 .
Ghasemi, H. A., Kasani, N., & Taherpour, K. (2014). Effects of black cumin seed (Nigella sativa L.), a probiotic,
a prebiotic and a synbiotic on growth performance, immune response and blood characteristics of male broilers.
Livestock Science, 164, 128-134. https://doi.org/10.1016/j.livsci.2014.03.014.

Ghazanfari, S. H., Adib Moradi, M., & Rahimi Niat, F. (2015). Effects of different levels of Artemisia sieberi
essential oil on intestinal morphology characteristics, microflora population and immune system in broiler
chickens. Journal of Veterinary Research, 70(2), 195-202.

Hernandez, F., Madrid, J., Garcia, V., Orengo, J., & Megias, M. D. (2004). Influence of two plant extracts on
broiler performance, digestibility and digestive organ size. Poultry Science, 83, 169-174. https://doi.org/
10.1093/ps/83.2.169.

Hossain, M. M., Howlader, A. J., Islam, M. N., & Beg. M. A. (2014). Evaluation of locally available herbs and
spices on physical, biochemical and economical parameters on broiler production. International Journal of Plant,
Animal and Environmental Sciences, 4(1), 317-322.

Jamroz, D., Wiliczkiewicz, A., Wertelecki, T., Orda, J., & Skorupinska, J. (2005). Use of active substances of
plant origin in chicken diets based on maize and locally grown cereals. British Poultry Science, 46(4), 485-493.
https://doi.org/10.1080/00071660500191056.

Karimi, A., Babayan, H., Nemati, Z., & Abdi, E. (2018). Effects of transient hypo- and hyper- thyroidism after


https://doi.org/10.22034/as.2022.36969.1534
http://dx.doi.org/10.3923/pjn.2014.204.210
https://elibrary.asabe.org/abstract.asp
https://doi.org/10.13031/2013.25517
https://doi.org/10.1016/j.anifeedsci.2010.03.007
https://doi.org/10.2754/avb201079010033
https://doi.org/10.1016/S0003-9098(25)00881-1
https://doi.org/10.1080/00071660701463221
http://dx.doi.org/10.29252/rap.8.17.18
https://doi.org/10.1002/jsfa.7460
https://doi.org/10.1016/j.livsci.2014.03.014
https://doi.org/%2010.1093/ps/83.2.169.
https://doi.org/%2010.1093/ps/83.2.169.
https://doi.org/10.1080/00071660500191056

Ye¥

e by 3 1S0e p Wguol 3 Zlgal b sy (ygalioms 3936 13T (g 1 ()0 5 o

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

extreme feed restriction on performance and ascites index of broiler chickens. Animal Science Research, 28(4),
165-180. (in Persian).
Lee, K. W., Everts, H., Frehner, M., & Beynen, A. C. (2004). Cinnamanaldehyde, but not thymol, counteracts the

carboxymethyl cellulose-induced growth depression in female broiler chickens. International Journal of Poultry
Science, 3, 608-612 .https://doi.org/10.3923/ijps.2004.608.612

Markovic, R., Sefer, D., Krstic, M., & Petrujkic, B. (2009). Effect of different growth promoters on broiler
performance and gut morphology. Archivos de Medicina Veterinaria, 41, 163-169. https://doi.org/10.4067/s0301-

732x2009000200010.

Mirazi, N., Abdolmaleki, N., & Mahmoodi, M. (2013). Study of Salvia officinalis hydroethanolic extract on serum
thyroid hormone levels in hypothyroid male rat. Scientific Journal of Hamadan University of Medical Sciences,
19(4), 27-35.

Miraghaee, S. S., Heidary, B., Almasi, H., Shabani, A., Elahi, M., & Modaber, M. H. (2011). Effects of Nigella
sativa powder (black seed) and Echinacea purpurea (L.) moench extract on performance, some blood biochemical
and hematological parameters in broiler chickens. African Journal of Biotechnology, 10(82) 19249-19254.
https://doi.org/10.5897/AJB11.2891.

Shams Shargh, M., Dastar, B., Zerehdaran, S., Khomeiri, M., & Moradi, A. (2012). Effects of using plantextracts
and a probiotic on performance, intestinal morphology, and microflora population in broilers. Journal of Applied
Poultry Research, 21, 201-208. https://doi.org/10.3382/japr.2010-00145

Sang-Oh, P., Chae-Min, R., Byung-Sung, P., & Jong, H (2013). The meat quality and growth performance in
broiler chickens fed diet with cinnamon powder. Journal of Environmental Biology, 34,127-33.

Tabak, M., Armon, R., & Neeman, I, (1999). Cinnamon extracts inhibitory effect on Helicobacter pylori. Journal

of Ethnopharmacology, 67(3), 269-277. https://doi.org/10.1016/S0378-8741(99)00054-9

Talebi, A., Maham, M., Asri-Rezaei, S., Pournaghi, P., Khorram, M. S., & Derakhshan, A. (2021). Effects of
Nigella sativa on performance, blood profiles, and antibody titer against newcastle disease in broilers. Evidence-
Based Complementary and Alternative Medicine, 1-15. https://doi.org/10.1155/2021/2070375 .

Talha, E., Abbas, E., & Mohamed, E. (2010). Effect of supplementation of Nigella sativa seeds to the broiler
chicks' diet on the performance and carcass quality. International Journal of Agricultural Sciences, 2, 0975-3710.
https://doi.org/10.9735/0975-3710.2.2.9-13 .

Zhu, X., Gojzewski, H., Koshkina, O., & Wurm, F. R. (2024). Accelerated hydrolysis and degradation of
polylactide nanocomposites using loaded silica nanocarriers. Chemical Engineering Journal, 491(2024), 151903.


https://doi.org/10.3923/ijps.2004.608.612
https://doi.org/10.4067/s0301-%20732x2009000200010.
https://doi.org/10.4067/s0301-%20732x2009000200010.
https://doi.org/10.5897/AJB11.2891
https://doi.org/10.3382/japr.2010-00145
https://doi.org/10.1016/S0378-8741(99)00054-9
https://doi.org/10.1155/2021/2070375
https://doi.org/10.9735/0975-3710.2.2.9-13

