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randomized design for 42 days. Feed and water were provided as ad libitum.
Chicks were divided into four treatments for 3 periods (1-42, 28-42 and 35-42)

Key Words: days, control was 30 birds and for each treatment 90 birds; each treatment for one
Broiler Chicks, period contained three replicates of 10 birds. Dietary Creatine Monohydrate was
Creatine Monohydrate, added to the diet from the first day to the end of experimental which lasted 42
Diet, Performance, days at levels of 0% (Control), for each period 0.05%(T1),0.075%(T2) and

0.1%(T3). The body weight was significantly (P<0.05) there was effect to
creatine Monohydrate supplementation at period (1-42) on body weight
also was effect to creatine Monohydrate supplementation at period (1-
42) on weight gain, it was not significantly (P<0.05), effect on breast meat yield
at period (1-42). However, Creatine monohydrate had no significant effect on
feed intake at the period (1-42, 28-42 and 35-42), there was no significant effect
on feed conservation ratio, mortality and Thigh meat yield at periods (1-41, 28-42

and 35-42). Creatine monohydrate had no significant effect on (body weight,
weight gain, and breast meat yield) at periods (28-42 and 35-42).

Introduction

Creatine, an amalgamated build on amino acids (arginine, glycine, and methionine), produced in the liver,
kidneys and pancreas, Newly Creatine (Cr) supplements are extensively disseminated as a performance-
increase additive used as athletic assistance to increase high-intensity athletic performance. Scientists have
referred to the utilization of creatine as an energy source by skeletal muscles [1]; therefore, Creatine is
significantly well-known inside mainstream researchers. Based on such research, creatine monohydrate
(CMH) has become one of the better extensively used dietary supplements in the world with an annual
evaluated utilization of 2.7 million kilograms[2]. Over the most recent 20 years, Cr has turned into an
extremely well-known dietary supplement. In the U.S.A. alone, a yearly sale of Cr totaling over $400 million
has been announced since the year 2000 [4, 5] In the process of de novo biosynthesis, Creatine is composed
of the body itself. It is composed outside of the muscle itself and then carried to the muscle via the
bloodstream. Human studies have demonstrated that Cr supplementations increment slender tissue mass and
muscle fiber measure [6]. The expanded concentration of intramuscular phosphocreatine attract water into
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the muscle cell and increase the cell amount [7]. Earlier research has implied that creatine can aid the body
expeditiously provide ATP through the creatine-phosphocreatine energy shuttle system, better the muscle
aerobic metabolism increase the natural oxidation of mitochondria, keep up the ATP concentration and
buffer lactic acid in muscle aggregation [8].. As creatine keeps on being separated in the body's metabolic
procedures, many animals such as growing broilers are not capable of production, enough creatine in serious
cultivating conditions [9, 10]. Creatine keeps up to maintain the energy balance in cells and tissues by
tolerating high energy phosphate groups from adenosine triphosphate (ATP) to make phosphocreatine (PCr)
and afterward discharging the high-energy phosphate group to form ATP when energy demand is high [11].
The additive of creatine can save arginine and improvement growth performance of poultry [12]. Dietary
incorporation of CMH (1200 mg/kg) for 14 days before slaughter significantly reduce drip loss, transported 3
h during the summer which keeps up the meat quality by lactate content and glycolytic potential the
pectoralis major of broilers [13 Late discoveries likewise feature the impact of Cr supplementation on the
expansion of skeletal muscle and brain total Cr and PCr concentrations, with a much more noteworthy level
of increment found in organs with low pattern Cr substance, for example, kidney and liver [14, 15]. These
discoveries are important to the poultry industry given that the major breast muscle of broilers and turkeys
(Pectoralis major) contain primarily fast-twitch (type IIB) muscle fibers [16].

Materials and methods

This study was conducted at the Bakrajo poultry breeding field, Animal Production Department, Faculty of
Agricultural Science, University of Sulaimani during the period from March 7th, 2017 to April 17th, 2017 to
study the Effect of Supplemental Creatine monohydrate on productive and carcass Performance of Broiler
Chicks. A total of 300 chick’s un-sexed one-day-old broiler chicks (Ross 308) were divided into three
periods (P1=1-42, P2=28-42 and P3=35-42) day. In addition, the chicks were divided into four treatment,
each treatment was replicated to three replications and each replicates containing 10 chicks.

A total of 300 un-sexed chicks with divided into three periods(P1, P2, and P3) day. Also, the chicks were
divided into four subgroups. First group of chicks is normal group as control that diet consist feed without
Creatine monohydrate(0) in (P1 the second group of chicks that diet consists feed with 500mg/kg Creatine
monohydrate in (P1,P2 and P3), the third group of chicks that diet consists feed with 750mg/kg Creatine
monohydrate in (P1,P2 and P3, the fourth group of chicks that diet consists feed that contained 1000mg/kg
Creatine monohydrate in (P1, P2 and P3).

Feed and water were providing ad libitum during the experimental period. The diets were determined
according to [18]. The nutrition substances were as follows: Starter feed: (CP= 22.8% and ME = 3,079 kcal/
kg) from (1- 11) day of age; Grower feed: (CP = 21.0% and ME = 3,139Kcal/ kg) from (11-28) day of age;
Finisher feed: (CP =19.1% and ME = 3,212 kcal/ kg) from (29-49) day.

Ingredients composition of Commercial feed are shown in (Table 1).

The following parameters were recorded throughout the experimental period: Body weight, weight Gain,
feed intake, feed conversion ratio and mortality.

At the beginning of the experiment, the broiler chicks were weighed in group and then every 7 days intervals
until the termination of the experiment at 42 days of age. The average live weight was recorded on weekly
basis and at the end of the experiment. The live weight gains of the broilers chicks on different dietary
treatments were calculated.

Statistical Analysis

General Linear Model (GLM) within the statistical program XLSTAT (version-7.5) will be used to analyze
the two factors namely the treatments and periods affecting productive traits within the Factorial Complete
Randomized Design (CRD).

The significant differences between means of traits included in this study were determined using Duncan's
multiple range test under the probability (p< 0.05) [19].

The total variance was partitioned into main effects and their interaction according to the following model:
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Yij=p+Ti+Pj+TPij+ejj

Where:

Yij= Observation of the performance traits.

p = Overall mean.

Ti = Effect of treatments (T1 0%, T2 0.05%, T3 0.075%, T4 0.1%)

Tj = Effect of periods (day 1, 7, 14, 21, 28, 35 and 42 of age).

TDij = Interaction between treatments and periods.

eij= Random error, assumed to be equal to zero and variance is 62e (N~ 0, 62¢)

Table 1. Ingredient composition of the diet (%)

Ingredients % Periods
Starter Grower Finisher

Corn 32 32 35
Soya bean meal 34 28 22.5
Protein conc.* 5 5 5
Wheat 24.3 30.2 32.5
Sunflower seed oil 3.5 3.5 3.7
Limestone 1 1.2 1.2
NaCl 0.2 0.1 0.1
Total 100 100 100

Calculated composition**
Crude Protein 22.8 21 19.1
ME Kcal/Kg 3079 3139 3212
Calcium 0.76 0.82 0.81
Fiber 3.7 3.5 3.3
Lys. 1.34 1.19 1.04
Me. 0.89 0.83 0.77
Fat 5.6 5.6 6.0

* Protein concentrate used in the diets was produced in Holland (WAFI) which contains: 40 %
crude protein,2100 Kcal ME / Kg,5%crude fat, 2% crude fiber, 6.5% calcium, 2.50% phosphorus,
%3.85 lysine, 3.70 % methionine, and 4% cysteine.

** The calculated composition of the diets was determined according to [18].

Results and discussion

The results in a table (2) show the effect of supplemental Creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets, during 1 day to 42 days for three periods. The value of body
weight in T3 at the age 42 day old was significant (p<0.05).

Table 2. Effect of supplemental Creatine Monohydrate on body weight (gm) of broiler
chicken that Diets at different weeks of age.

. Periods
(T) Creatin 142 28-42 3542
T1(0)mg 2388.333" 2388.333 2388.333
T2(500)mg 2480.000° 2456.667 2463.333
T3(750)mg 2610.000" 2450.000 2536.667
T4(1000)mg 2400.000" 2491.667 2433.333

a,b: Values within columns followed by different letters differ significantly (p<0.05).
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Table 2 showed that treatment T3 was a significantly (p<0.05) on body weight at period 1-42 day of
experiments which explain the effect of dietary Creatine monohydrate supplementation on body weight
(BW) comparison with T1=control and T2 and T4 for the same period, while there was no significant effect
on body weight at period 28-42 and 35-42.

The broilers receiving dietary supplemented with Creatine Monohydrate increased final BW [20]. Creatine
supplementation has been shown to build add up to body weight and move liquid into the intracellular space,
thereby significantly elevating total body and intracellular fluid, creatine supplementation has been
advertised to escalation body weight [10], that is main cause to observing significant at T3 because feeding
for more time at 1-42 age of poultry. Creatine monohydrate is an amino acid cognate that has become a
trendy sports additive used to increment muscle performance [3]. When T2 and T4 had no significant
(p>0.05) difference in body weight compared their control (T1) at period 1-42, 28-42 and 35-42 day of
experiments. [21] feeding Creatine monohydrate did not significantly affect the average final body weight.
Creatine monohydrate had no significant effect (p > 0.05) on total BW [13].

The results in a table (3) show the effect of supplemental Creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets during 1 day to 42 days. The value of feed intake (FI) in T4 at the
age 1 to 42 day old was significant (p<0.05).

Table 3. Effect of supplemental Creatine monohydrate on feed intake (gm)
of broiler chicken that Diets at different weeks of age.

. Periods
(T) Creatin 142 28-42 3542
T1(0)mg 4233.333 4233.333 4233.333ab
T2(500)mg 4310.000 4246.667 4243.333ab
T3(750)mg 4332.667 4294.792 4201.250b
T4(1000)mg 4296.667 4353.125 4360.833a

a,b: Values within columns followed by different letters differ significantly (P<0.05).

Effect of treatments on feed intake at T3 compared T4 was significant (p<0.05) at period 35-42 day, but no
significant compared Tl=control and T2 at period 35-42 day of experiments, Creatine monohydrate
supplementation was significantly (p<0.05) high affect feed intake [28]. In the same experiment at T2, T3
and T4 had no significant (p>0.05) difference in feed intake (F.I) compared their control (T1) at period 35-
42. Also at period 1-42 day of experiments effect of dietary creatine monohydrate supplementation at
treatment T2, T3 and T4 had no significant difference in feed intake (FI) compared T1=control, moreover at
period 28-42 day of experiments at T2,T3 and T4 had no significant (P>0.05) difference in feed intake (FI)
compared their (T1) (control), Reduced feed intake on addition of Creatine monohydrate by [20]; [22] found
that creatine supplementation did not affect feed intake. Creatine supplementation not significant (p>0.05) on
feed intake from hatch until slaughter [23].The growth performance of broiler chickens fed with CMH from
28 to 42 days of age was Dietary supplementation with different CMH levels had no significant Effect on
feed intake [13].

The results in a table (4) show the effect of supplemental creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets during 1 day to 42 days. The value of weight gain (WG) in T3 at
the age 1 to 42 day old was significant (p<0.05).

Effect of treatments T3 was significant (p<0.05) higher body weight gain compared to T1=control, T2, and
T4 at period 1-42 day of experiments. Creatine monohydrate affects body weight gain (BWG) at the end as
shown as by [20].Broilers performed by [22] showed the creatine supplementation improved weight gain in
broilers.
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Table 4. Effect of supplemental Creatine monohydrate on weight gain (gm) of broiler
chicks at different weeks of age.

. Periods
(T) Creatin 1-42 28-42 35-42
T1(0)mg 2340.667b 2340.667 2340.667
T2(500)mg 2432.333b 2413.333 2416.667
T3(750)mg 2563.000a 2405.333 2490.000
T4(1000)mg 2355.333b 2446.000 2387.667

a,b: Values within columns followed by different letters differ significantly (P<0.05).

In this study at T2 and T4 had no significant (p>0.05) difference in weight gain (WG) compared their control
(T1) at period 1-42day, [21]feeding CHM did not significantly affect the final weight gain, also at period 28-
42 day of experiments effect on dietary Creatine monohydrate supplementation at treatment T2, T3 and T4
had no significant (p>0.05) difference weight gain (WG) compared T1=control, moreover at period 35-42
day of experiments at T2,T3 and T4 had no significant (p>0.05) difference in weight gain (WG) compared
their T1(control). Creatine monohydrate did not significantly effect on weight gain from 1-d-old until
slaughter [23].

The results in a table (5) show the effect of supplemental Creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets during 1 day to 42 days. The value of feed conversion ratio (FCR)
in all treatments at the age 1 to 42 day old were significant (p<0.05).

Table 5. Effect of supplemental Creatine monohydrate on feed conversion ratio (gm)
of broiler chicken that Diets at different weeks of age.

. Periods
(T) Creatin 1-42 28-42 35-42
T1(0)mg 1.809ab 1.809 1.809
T2(500)mg 1.772ab 1.760 1.75
T3(750)mg 1.69b 1.790 1.691
T4(1000)mg 1.8254 1.781 1.827

a,b: Values within columns followed by different letters differ significantly (P<0.05).

Effect of treatments on feed conversion ratio at T3 compared T4 was significant (p<0.05) at period 1-42day
but no significant (p>0.05) compared T1 (control) and T2 at period 1-42day of experiments. Creatine
monohydrate had significant (p>0.05)showed better values of FCR [20], reported Creatine monohydrate
wassignificant improvement in FCR. [10, 24] showed Creatine the significant improvement in feed
efficiency.

In this study at T2, T3 and T4 had no significant (p>0.05) difference in feed conversion ratio (FCR)
compared their control (T1) at period 28-42,The growth performance of broiler chickens fed with CMH from
28 to 42 days of age was present had no significant effect on average comparison with the control group
(p>0.05) [13]. Also at period 35-42 day of experiments effect of dietary Creatine monohydrate
supplementation at treatment T2, T3 and T4 had no significant (p>0.05) difference in feed conversion ratio
(FCR) compared Tl=control, did not significantly affect the feed efficiency of broilers by [25]; the
experiments results shown There was no influence (p>0.05) on feed conversion ratio at 42 days by [26].
CHM had no affect feed conversion ratio (FCR) [21].

The results in a table (6) show the effect of supplemental Creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets during 1 day to 42 days.
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Table 6. Effect of supplemental Creatine monohydrate on mortality percentage of broiler
chicken at different weeks of age.

. Periods
(T) Creatin 1-42 28-42 35-42
T1(0)mg 16.667 16.667 16.667
T2(500)mg 13.333 16.667 20.000
T3(750)mg 13.333 13.333 20.000
T4(1000)mg 13.333 10.000 13.333

a,b: Values within columns followed by different letters differ significantly (P<0.05).

Creatine monohydrate had no Effect on mortality at T2, T3 and T4 was no significant difference in mortality
compared their control (T1).at periods 1-42, 28-42 and 35-42.

The results in a table (7) show the effect of supplemental Creatine monohydrate on performance and nutrient
digestibility of broiler chicks fed on diets during 1 day to 42 days. The value of Breast meat yield in all
treatments at the age 1 to 42 day old were significant (P<0.05).

Table 7. Effect of supplemental Creatine monohydrate on Breast meat yield of
broiler chicken that Diets.at different weeks of age.

. Periods
(T) Creatin 1-42 28-42 35-42
T1(0)mg 01.667 501.667 501.667
T2(500)mg 600.000° 550.000 543.333
T3(750)mg 616.667 570.000 576.667
T4(1000)mg 555.000" 541.667 505.000

a,b: Values within columns followed by different letters differ significantly (P<0.05)

Effect of treatments on Breast meat yield at T2 and T3 compared T1 (control) was significant (P<0.05) at
period 1-42day, but T4 no significant (P>0.05) compared T1 (control). Supplementation of CMH resulted in
a significant (P <0.05) higher percentage of breast meat [20], Earlier studies showed that CMH
supplementation in breast muscle water-holding capacity (WHC) of broilers [23, 27].

In the same experiment at T4 was no significant (P>0.05) difference in Breast meat yield compared their
control (T1),(T2 and T3) at period 1-42, Also at period 28-42 day of experiments effect on dietary Creatine
monohydrate supplementation at treatment T2, T3 and T4 had no significant (P>0.05) difference Breast meat
yield compared Tl=control, moreover at period 35-42 day of experiments at T2, T3 and T4 had no
significant (P>0.05) difference in Breast meat yield compared their T1 (control).

The results in a table (8) show the effect of supplemental Creatine monohydrate on performance and nutrient

Periods
(T) Creatin
1-42 28-42 35-42
T1(0)mg 572.500ab 572.500 572.500
T2(500)mg 586.667ab 555.000 548.333
T3(750)mg 550.000b 551.667 581.667
T4(1000)mg 636.667a 536.667 536.667
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digestibility of broiler chicks fed on diets during 1 day to 42 days. The value of Thigh meat yield in T4 at the
age 1 to 42 day old was significant (P<0.05).

There was a significant difference (P<0.05) to T4 compared T3 in period 1-42 day In this study at T2, T3 and
T4 had no significant (P>0.05) difference in Thigh meat yield compared their control (T1) at period 28-
42,Also at period 35-42 day of experiments effect of dietary Creatine monohydrate supplementation at
treatment T2, T3 and T4 had no significant (P>0.05) difference in Thigh meat yield compared T1(control). a
3-h transport had no effect on dressing percentage, thigh muscle yield [13].

Effect of periods, supplemental Creatine monohydrate and interaction on all characterizes of broiler chickens
There was a significant difference between creatin levels in terms of Breast meat variant (p <0.01). (0 mg /
kg to 500 mg / kg), (0 mg / kg to 750 mg / kg) and (0 mg / kg to 1000 mg / kg) according to multiple
comparison results. the highest weight gain is seen at levels of 500 mg / kg to 750 mg / kg.

When the application time and creatine interaction were examined, there was a significant difference
between the creatin levels only when the application time (1-42) was observed. When multiple comparisons
were examined, 1000 mg / kg creatine level was found to be different from other levels. That is, O to 500 mg
/ kg, 500 to 750 mg / kg and 0 to 750 were not significantly different. The maximum weight gain is achieved
with 1000 mg / kg creatin.

Conclusion

The results of the present study showed that dietary supplementation with different levels of Creatine
monohydrate had a significant effect on body weight at the 1-42 period, there was a significant effect on
weight gain at the 1-42 period, Creatine monohydrate was a significant effect on Breast meat yield at (1-42)
period of the experiment. Using 0.75% Creatine monohydrate group at the period (1-42) seemed to have a
beneficial effect on most of the performance traits (live body weight, weight gains and breast meat yield).

References

[1] Balsom, P. D., Soderlund, K., and Ekblom, B. Creatine in humans with special reference to creatine
supplementation. Sports medicine, 18(4), 268-280. (1994).

[2] Williams, Melvin H and Kreider, Richard B. and Branch, J. D, Creatine : the power supplement. Human
Kinetics, Champaign, IL ; Leeds, U.K. (1999).

[3] Wyss, M. and Kaddurah-Daouk, R. Creatine and creatinine metabolism. Physiological Reviews, 2005;
80:1107-1213. (2000).

[4] Bird, S. P. Creatine supplementation and exercise performance: a brief review. Journal of sports science
and medicine, 2(4), 123. (2003).

[5] Maughan. ‘Dietary supplements’ IN ‘Food Nutrition and Sports Performance II: The International
Olympic Committee Consensus on Sports Nutrition” edited R Maughan, L. Burke and E Coyle. (2004).

[6] Burke, D.G., Chilibeck, P.D., Parise, G., Candow, D.G., Mahoney, D. and Tarnopolsky, M.A. Effect of
creatine and weight training on muscle creatine and performance investigation. Medicine and Science in
Sports and Exercise, 35: 1946-1955. (2003).

[7] Bessman, S. P., and Carpenter, C. L. The creatine-creatine phosphate energy shuttle. Annual review of
biochemistry, 54(1), 831-862. (1985).

[8] Hultman, E., Soderlund, K., Timmons, J., Cederblad, G. and Greenhaff, P.L.. Muscle creatine loading in
man. Journal of Applied Physiology, 81:232-237. (1996).

[9] Wilson, M. Production focus (In; Balancing genetics, welfare and economics in broiler production). Vol
1 (no. 1). Publication of Cobb-Vantress, Inc, 1. (2005).

[10] Casey, A., and Greenhaff, P. L. Does dietary creatine supplementation play a role in skeletal muscle
metabolism and performance?. The American journal of clinical nutrition, 72(2), 607-617. (2000).

289



JZS (2018) Special Issue, 2"Int. Conference of Agricultural Sciences

[11] Guimardes-Ferreira, L. Role of the phosphocreatine system on energetic homeostasis in skeletal and
cardiac muscles. Einstein (Sao Paulo), 12: 126-131. (2014).

[12] Baker, D. H. Advances in protein—amino acid nutrition of poultry. Amino acids, 37(1), 29-41. (2009).

[13] Zhang, L., Li, J. L., Gao, T., Lin, M., Wang, X. F., Zhu, X. D., ... and Zhou, G. H. Effects of dietary
supplementation with creatine monohydrate during the finishing period on growth performance, carcass
traits, meat quality and muscle glycolytic potential of broilers subjected to transport stress. animal, 8(12),
1955-1962. (2014).

[14] Zubair, A. K., and Leeson, S. Compensatory growth in the broiler chicken: a review. World's Poultry
Science Journal, 52(2), 189-201. (1996).

[15] Ipsiroglu, O. S., Stromberger, C., llas, J., Hoger, H., Miihl, A., and Stockler-Ipsiroglu, S. Changes of
tissue creatine concentrations upon oral supplementation of creatine-monohydrate in various animal
species. Life sciences, 69(15), 1805-1815. (2001).

[16] Von Lengerken, G., Maak, S., and Wicke, M. Muscle metabolism and meat quality of pigs and poultry.
Veterinarija ir zootechnika, 20(42), 82-86. (2002).

[17] Vandenberghe, K., Goris, M., Van Hecke, P., Van Leemputte, M., Vangerven, L., and Hespel, P. Long-
term creatine intake is beneficial to muscle performance during resistance training. Journal of Applied
Physiology, 83(6), 2055-2063. (1997).

[18] NRC, National Research Council. Nutrient Requirements of Poultry. Ninth (rev. Ed.) National
Academic of Science. Washington, DC. (1994).

[19] Duncan, D.B., Multiple ranges and multiple F-test. Biometrics, 11: 1042. (1955).

[20] Ibrahim D., Metwally A. E. and S. I. Khater., Supplementation of Whey Protein Concentrates and
Creatine Monohydrate to Broiler Diet: Effects on Performance, Molecular Regulation of Muscle
Building, Carcass Characteristics and Oxidative Status. Global Veterinaria 15 (4): 423-432, 2015.
(2015).

[21] Xia, W. G., Abdullahi, A. Y., Zuo, J. J., Chen, L., and Feng, D. Y. Effects of creatine monohydrate on
growth performance, carcass characteristics and meat quality of yellow-feathered broilers. Journal of
Animal and Veterinary Advances, 11(23), 4382-4388 (2012)..

[22] Halle 1., M. Henning, P. Kohler. Untersuchungen zum einfluss von keratin auf die leistungsmerkmale
von legehennen, das wachstum unddie ganzk:rperzusammensetzung von broilern. Landbauforschung V
lkenrode 2006; 56(1/2):11-18. (2006).

[23] Nissen, P. M., and J. F. Young, Creatine monohydrate and glucose supplementation to slow-and fast-
growing chickens changes the postmortem pH in pectoralis major. Poultry science, 85(6), 1038-1044.
(2006).

[24] Mihic, S., J. R. MacDonald, S. McKenzie, and M. A. Tarnopolsky. Acute creatine loading increases fat-
free mass, but does not affect blood pressure, plasma creatinine, or CK activity in men and women.
Medicine and Science in Sports and Exercise, 32(2), 291-296. (2000).

[25] Stahl, M.W. Greenwood and Berg E.P. Growth Parameters and Carcass Quality of Broilers Fed a Corn-
Soybean Diet Supplemented with Creatine Monohydrate,, Journal of Poultry Science 2 (6): 404-408.
(2003).

[26] Carvalho, C.M.C., Fernandes, E.A. A.P. De. Carvalho, M.P. Maciel, R.M. Caires and N.S. Fagundes.
Effect of Creatine Addition in Feeds Containing Animal Meals on the Performance and Carcass Yield of
Broilers. Brazilian Journal of Poultry Science, 15(3): 169-286. (2013).

[27] Young, J. F., Bertram, H. C., Theil, P. K., Petersen, A. G., Poulsen, K. A., Rasmussen, M., ... and
Oksbjerg, N. In vitro and in vivo studies of creatine monohydrate supplementation to Duroc and
Landrace pigs. Meat science, 76(2), 342-351. (2007).

[28] Faraj, H. A., Salih, A. M., and Hama, K. O. The effect of different levels of creatine monohydrate on the
performance and carcass characteristics of broiler chickens. Research Opinions in Animal and Veterinary
Sciences, 4(3), 145-149. (2014).

290



