EFFECT OF TURMERIC SUPPLEMENTATION ON THE BODY WEIGHT OF BROILER 
BIRDS AT DIFFERENT INCLUSION LEVEL.
(A CASE STUDY OF KWARA STATE POLYTECHNIC AGRICULTURAL GARDEN)

BY
ABDULRASAQ ROFIAT OMONIKE
HND/23/STA/FT/0009

PRESENTED TO
DEPARTMENT OF STATISTICS, INSTITUTE OF APPLIED SCIENCES, KWARA STATE POLYTECHNIC, ILORIN.

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF HIGHER NATIONAL DIPLOMA (HND) IN STATISTICS.


JUNE,2025.





CERTIFICATION
This is to certify that this project was carried out by 
ABDULRASAQ ROFIAT OMONIKE			(HND/23/STA/FT/0009),
has been read and approved as meeting the requirements in partial fulfilment of the award of Higher National Diploma (HND) in Statistics, Institute of Applied Sciences, Kwara State Polytechnic, Ilorin.

………………………                                  			…………………..
DR. (MRS.) AIYELABEGAN A.B                                   		DATE
 PROJECT SUPERVISOR


………………………                                  			…………………..
MISS AJIBOYE, R.A                                           			DATE
PROJECT COORDINATOR


………………………                                  			…………………..
ELEPO, T.A                                                  				DATE
HEAD OF DEPARTMENT


………………………                                  			…………………..
EXTERNAL SUPERVISOR                                   			DATE
 







DEDICATION
This project is dedicated to Almighty Allah for granting me the ability, wisdom, knowledge, and understanding towards the successful completion of my Higher National Diploma (HND) and project. I also dedicate this project to my lovely parents MR. and MRS. ABDULRASAQ for their guidance and financial support.
              


















ACKNOWLEDGEMENT
All praise and adoration to Almighty Allah for His divine protection and guidance throughout my stay in this great citadel of learning (Kwara State Polytechnic) and this research work.
Firstly, I would like to express our deepest appreciation to my supervisor, Dr. (Mrs.) Aiyelabegan A.B, for your invaluable guidance, support, and encouragement throughout this project. Her support played a crucial role in helping me navigate challenges and stay on track.
I also wish to thank the Head of Statistics Department in person of Miss Elepo, T.A and all the lecturers of Statistics Department, Kwara State Polytechnic Dr. Olanrinoye, S.B, Miss Ajiboye, R.A, Dr. Beki, D.O, Mr. Shafihi F.G, Mrs. Yusuf, G.A, Mrs. Abdulrahman, Mr. Suleiman for good academic support given to me since the beginning of my program till now.
I would be an ingrate if I forget to appreciate my parents MR AND MRS ABDULRASAQ and also my siblings for been the backbone of my academic journey. Their patience, sacrifices, and belief in my potential gave me the strength to persevere through challenges and stay committed to my goals. Without their emotional and moral support, the successful completion of this project would not have been possible. I am truly grateful for everything they have done for me and I prayed that Almighty Allah spare their lives and make them reap the fruit of their labor in good health and wealth. 
[bookmark: _GoBack]Finally, I would also like to express my sincere appreciation to all the members of my project team AJARAT, SEKINAT, UTHMAN, and RIDWANULLAHI for their dedication, hard work, and excellent collaboration throughout this project. Each one of you brought invaluable contribution that shaped my success. The spirit of teamwork, mutual respect and shared responsibility helped me overcome obstacles and achieved my objectives effectively. I am proud of what I have achieved together as a team.


ABSTRACT
This study evaluated the effectiveness of Turmeric (Curcuma longa) supplementation in alleviating heat stress in broiler birds raised under high ambient temperatures. The experiment was conducted at the Kwara State Polytechnic Agricultural Garden between December 2024 and January 2025, using two treatment levels: 5 ml (T1) and 10 ml (T2) of turmeric administered over 13 consecutive days. The parameters measured included body weight and general performance indices to assess the birds’ response to heat stress. Data analysis involved descriptive statistics, ANOVA, LSD tests, and graphical trend analysis. The results showed that turmeric supplementation significantly improved the performance of broiler birds under heat stress, with the 10 ml treatment group (T2) demonstrating higher mean values and better overall response compared to the 5 ml group. Statistically significant differences (p < 0.05) were observed across treatment days, especially from Day 6 onwards, indicating a delayed but strong physiological response. The findings suggest that turmeric, particularly at a higher dosage, can effectively mitigate the negative impacts of heat stress in broilers, promoting better growth and resilience. This research contributes to sustainable poultry production practices by highlighting turmeric as a natural, affordable, and effective alternative to synthetic additives. It supports the integration of herbal feed additives in broiler nutrition, especially in regions prone to high environmental temperatures.
(Keywords: Turmeric, Curcuma longa, Heat stress, Broiler birds, ANOVA, LSD test)
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CHAPTER ONE
1.0 	INTRODUCTION
1.1 	BACKGROUND OF THE STUDY 
 Poultry production, particularly broiler farming, plays a significant role in the global livestock sector due to its short production cycle, high feed efficiency, and relatively low initial investment. However, broiler birds are highly sensitive to environmental conditions, especially high ambient temperatures, which can lead to heat stress (a major constraint to poultry productivity, health, and welfare).  Heat stress occurs when the environmental temperature exceeds the thermo neutral zone of broilers, impairing their ability to dissipate body heat. This condition results in physiological and metabolic disturbances, reduced feed intake, decreased growth rate, poor feed conversion ratio, compromised immunity, and increased mortality rates.
Recently, there has been growing interest in using natural feed additives to mitigate the negative effects of heat stress in poultry. Turmeric (Curcuma longa), a commonly used spice and medicinal plant, contains bioactive compounds such as Curcumin, known for their antioxidant, anti-inflammatory, antimicrobial, and immuno modulatory properties. These attributes make turmeric a promising natural alternative to synthetic drugs and additives in poultry nutrition.
  Several studies have indicated that dietary supplementation of turmeric may help improve physiological responses, oxidative stress markers, and performance in broiler birds exposed to high ambient temperatures. 

1.2 STATEMENT OF THE PROBLEM
Heat stress is a critical issue affecting broiler production, especially in tropical and subtropical regions. It negatively impacts bird performance, health, and economic returns. Conventional methods of heat stress management such as environmental control and pharmaceutical interventions are often expensive and sometimes ineffective or unsustainable. This study aim to evaluate the effectiveness of turmeric to mitigate heat stress in broilers birds in Kwara State Polytechnic Agricultural Garden between December 2024 and January 2025. The potential of turmeric as a dietary supplement to alleviate heat stress in broilers has not been fully exploited or standardized in many production settings.

1.3 AIM AND OBJECTIVES OF THE STUDY
The main aim of this study is to evaluate the effect of turmeric supplementation on alleviating heat stress on the weight of broiler birds.
Specific objectives include:
i) To determine the impact of dietary turmeric on growth performance parameters (body weight) of broilers under heat stress.
ii) To determine whether there is significant difference in the level of inclusion with respect to body weight.
	
1.4 RESEARCH QUESTIONS 
i) Does turmeric supplementation improve the growth performance of broilers under heat stress?
ii) What is the optimal inclusion level of turmeric in broiler diets to enhance the growth performance under heat stress?
1.5 HYPOTHESES OF THE STUDY
•Null Hypothesis (Ho): Turmeric supplementation has no significant effect on alleviating heat stress on the weight broiler birds.
•Alternative Hypothesis (H1): Turmeric supplementation has a significant effect on   alleviating heat stress on the weight broiler birds.

1.6 SIGNIFICANCE OF THE STUDY 
This study is expected to provide valuable insights into the use of turmeric as a natural remedy for managing heat stress in poultry. The findings could contribute to improving the productivity, health, and welfare of broiler birds in hot climates. Moreover, it support the movement toward sustainable poultry production by reducing dependence on synthetic additives and promoting the use of natural herbs in animal nutrition.

1.7 SCOPE AND LIMITATION OF THE STUDY 
This study focuses on the alleviation of heat stress in broiler chickens through the dietary inclusion of turmeric. It covers the assessment of growth performance, physiological parameters, and antioxidant status during periods of induced heat stress. Limitations may include environmental variability, differences in turmeric bioavailability, and challenges in maintaining consistent heat stress conditions.
1.8 DEFINITIONS OF TERMS
• Broiler Birds: Chickens raised specifically for meat production.
• Heat Stress: A physiological condition caused by excessive heat, leading to impaired performance and health.
• Turmeric (Curcuma longa): A yellow spice with medicinal properties, used here as a dietary supplement for poultry.
• Cur cumin: The principal active compound in turmeric responsible for its pharmacological effects.
• Antioxidant: A substance that inhibits oxidation and protects cells from damage by free radicals.
            
                           CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 OVERVIEW OF ALLEVIATION OF HEAT STRESS
Heat stress is a major concern in poultry production, particularly in tropical and subtropical regions where high ambient temperatures can negatively impact the health, growth, and productivity of broiler birds. The use of natural supplements such as Turmeric (Curcuma longa) has gained attention as a potential strategy for mitigating heat stress. This chapter reviews existing literature related to the concept of heat stress, its effects on poultry, and the role of turmeric in alleviating these effects.

2.2 CONCEPTUAL FRAMEWORKS 

2.2.1 HEAT STRESS IN POULTRY
Heat stress occurs when the heat load on a bird exceeds its capacity to dissipate that heat. Broilers are especially sensitive due to their high metabolic rate and lack of sweat glands. Physiological responses include panting, increased respiration rate, reduced feed intake, oxidative stress, and electrolyte imbalance. Prolonged heat stress can impair immune function, increase mortality, and lead to poor feed conversion ratios.

2.2.2 TURMERIC AND ITS ACTIVE COMPOUNDS
Turmeric is a rhizomatous herbaceous plant of the ginger family, known for its bioactive compound Cur cumin, which has potent antioxidant properties. Turmeric has been traditionally used in herbal medicine and, more recently, in livestock diets as a performance enhancer and immune booster.

2.3 THEORETICAL FRAMEWORKS 
The theoretical foundation for this study lies in the adaptation theory and the free radical theory of oxidative stress:
•Adaptation Theory (Selye, 1936) posits that organisms exposed to environmental stressors develop adaptive physiological responses to maintain homeostasis. Nutritional interventions such as turmeric supplementation can support adaptation by boosting antioxidant capacity.
•Free Radical Theory (Harman, 1956) suggests that oxidative stress caused by reactive oxygen species (ROS) is a primary mechanism of cell damage during heat stress. Antioxidants like Cur cumin neutralize these ROS, protecting cellular integrity.

2.4 EMPIRICAL REVIEWS 

2.4.1 EFFECTS OF HEAT STRESS ON BROILERS
Numerous studies have demonstrated that heat stress negatively affects broiler performance. According to Quinteiro-Filho (2012), heat-stressed birds show reduced feed intake, lower body weight gain, and increased levels of corticosterone. Studies also report compromised immunity and increased mortality during heat waves.

2.4.2 ROLE OF TURMERIC IN MITIGATING HEAT STRESS
Research indicates that turmeric supplementation can mitigate the adverse effects of heat stress. El-Deek et al. (2012) found that broilers supplemented with turmeric powder showed improved weight gain, feed conversion, and oxidative status under heat stress. Cur cumin acts by scavenging free radicals and enhancing liver and intestinal function.
2.4.3 TURMERIC AND IMMUNE FUNCTION 
Turmeric is known to enhance immune responses in poultry. Al-Sultan (2003) noted that turmeric supplementation improved antibody production and lymphoid organ development in broiler chickens. This is particularly important under heat stress, which is known to suppress immune activity.

2.4.4 TURMERIC AND GUT HEALTH 
Gut health is critical under stress conditions. Turmeric has been found to enhance gut morphology by increasing villi height and improving nutrient absorption. Rahmani et al. (2011) showed that turmeric-fed birds had better intestinal integrity compared to controls under heat stress conditions.

2.4.5 DOSAGE AND ADMINISTRATION 
Studies vary on the optimal dosage of turmeric. Most suggest 0.5% to 1% turmeric powder inclusion in feed as effective for stress alleviation. Excessive supplementation, however, can lead to reduced palatability and feed intake.

2.5 GAPS IN LITERATURE 
While there is growing evidence of turmeric’s effectiveness, several gaps remain:
•Limited large-scale field trials under varying climatic conditions.
•Lack of standardized turmeric formulations (powder vs. extract).
•Need for long-term safety and residue studies.


                             CHAPTER THREE
3.0 RESEARCH METHODOLOGY
This chapter describes the procedures and methods employed in conducting the research. It outlines the research design, population and sample, method of data collection, experimental treatments, and statistical analysis techniques used. The goal was to evaluate the effects of different treatment volumes (5 ml and 10 ml) over a period of 13 days using quantitative data analysis.

3.1 RESEARCH DESIGN
The study adopted an experimental research design which involves the brooding of the day old chicks for three weeks. After the brooding of the chicks, the broiler birds is then divided into two groups to which the treatment of turmeric (5ml and 10ml) were applied across a 13-days period.

3.2 POPULATION AND SAMPLING TECHNIQUES 
The population for this study consisted of 10 day old chicks (experimental units) and after three weeks brooding, they were divided into two groups (5 each). Day after, 5ml and 10ml of Turmeric supplementation were administered and their weight were measured.

3.3 EXPERIMENTAL PROCEDURES 
•Experimental unit: 10 broiler birds (a day-old)
Two distinct treatments were applied:
•5 ml of turmeric
•10 ml of turmeric
Each treatment was administered to five (5) experimental units each per day across 13 consecutive days. This structure provided a robust dataset for observing changes and patterns over time. All treatments were conducted under similar conditions to avoid confounding variables.

3.4 DATA COLLECTION 
The data for this study was collected at Kwara State Polytechnic Agricultural Garden and it is a primary data collected directly through experimental method. Weighing scale was used in the measurement of the weights of the broiler birds. These values were documented in a tabular format, capturing variations over time. The data collection spanned a total of 13 days, providing sufficient temporal range to assess treatment effects.

3.5 DATA ANALYSIS TECHNIQUES 
The data analysis included both descriptive and inferential statistics, using the following methods:
• Descriptive Statistics: Mean, standard deviation, standard error, minimum, and maximum values were computed for each treatment group per day to summarize data distribution and central tendencies.
· Mean(Average):     
· Standard Deviation (SD):   
• Analysis of Variance (ANOVA): Two-Way ANOVA was used to test for significant effects of turmeric changed over time.
Model Equation
Yijk = µ + αi + βj + (αβ)ij + εijk
 Where,
Yijk = the dependent variable (response) for the observation in the i-th level of factor A, the j-th level of factor B, and k-th replicate.
µ = the overall mean 
αi = effect of the i-th level of factor A
βj = effect of j-th level of factor B
(αβij) = interaction effect between level i of A and level j of B
εijk = error term 
TEST HYPOTHESIS
: There is no significant difference between the days and level of turmeric.
There is a significant difference between the days and level of turmeric.
Level of significance: α (0.05)


TWO WAY ANOVA TABLE
	 
	Degrees of Freedom (df)
	Sum of Squares (SS)
	Mean of Squares (MS)
	F-ratio

	Factor A
	= a-1
	

	= 
	= 

	Factor B
	= b-1
	

	=  
	= 

	Interaction (AB)
	= (a-1)(b-1)
	

	=  
	= 

	Error
	= ab(n-1)
	

	= 
	

	Total
	= abn-1
	

	
	



ANOVA (F-test):    
· =Mean square between Groups (Variation due to treatment or factor)
· = Mean square within Groups (Variation due to error or residual)
Decision rule: reject the Hoif the p-value < α (0.05) or accept if otherwise.

• Least Significant Difference (LSD) Test: Post hoc pairwise comparisons were performed using the LSD test to pinpoint specific days where mean differences were statistically significant.
LSD Table and Formula:
LSD Table:
	Comparison (Group I vs J)
	Mean of Group I ()
	Mean of Group j )
	Mean Difference
	LSD value
	significant

	A vs B
	
	
	D= 
	LSD
	Yes/ No

	A vs C 
	
	
	D= 
	LSD
	Yes/ No

	B vs C 
	
	
	D= 
	LSD
	Yes/ No


 
The formula for calculating the LSD between two group means is:
 . 
· : t-value from the t-distribution with degrees of freedom for error (usually from the ANOVA output), at a chosen significance level (e.g., 0.05).
· MSE: Mean Square Error (from ANOVA).
· n: Number of observations per group (assumed equal).
·  : Standard error of the difference between means.
Once the LSD is computed, two group means are significantly different if:
 > LSD

• Graphical Analysis: Line graphs were plotted to visualize trends in mean values over time, aiding in interpreting the data and identifying patterns of treatment response.

3.6 ETHICAL CONSIDERATIONS 
The study was conducted in accordance with ethical research practices. All treatments were carried out in a controlled and humane manner, ensuring no harm to the experimental units. Data was recorded and reported accurately, and all statistical procedures were transparently applied.

3.7 LIMITATION OF THE STUDY 
While the study design was rigorous, a few limitations were acknowledged:
•Missing data on some days for certain replicates in the 10 ml treatment group.
•Limited sample size may affect the generalizability of the findings.
                        CHAPTER FOUR
4.0 DATA ANALYSIS AND INTERPRETATION

4.1 INTRODUCTION
 This chapter presents the results of statistical analyses conducted to evaluate the effect of Turmeric supplementation levels (5ml and 10ml) on the measured response variable over a 13-day period. The analysis includes descriptive statistics, multiple comparisons using LSD, a line graph showing the trend over time, and an ANOVA summary.

4.2 DATA PRESENTATION
  Table 4.2: Daily 5 ml and 10 ml Sample Values (the weight of the birds)
	Days
	5ml
	10ml

	1
	350g
	300g

	1
	250g
	350g

	1
	300g
	300g

	1
	300g
	450g

	1
	350g
	300g

	2
	500g
	450g

	2
	550g
	500g

	2
	450g
	550g

	2
	450g
	300g

	2
	500g
	500g

	3
	300g
	300g

	3
	300g
	350g

	3
	250g
	200g

	3
	400g
	250g

	3
	300g
	250g

	4
	400g
	300g

	4
	500g
	450g

	4
	400g
	450g

	4
	450g
	400g

	4
	450g
	450g

	5
	500g
	500g

	5
	450g
	600g

	5
	350g
	300g

	5
	450g
	350g

	5
	450g
	NIL

	6
	700g
	500g

	6
	650g
	600g

	6
	600g
	500g

	6
	750g
	450g

	6
	600g
	NIL

	7
	200g
	350g

	7
	300g
	450g

	7
	450g
	250g

	7
	300g
	400g

	7
	250g
	NIL

	8
	500g
	750g

	8
	350g
	950g

	8
	600g
	750g

	8
	700g
	950g

	8
	500g
	NIL

	9
	500g
	350g

	9
	350g
	950g

	9
	600g
	750g

	9
	650g
	500g

	9
	450g
	NIL

	10
	550g
	600g

	10
	500g
	700g

	10
	600g
	650g

	10
	600g
	400g

	10
	650g
	NIL

	11
	550g
	600g

	11
	500g
	700g

	11
	600g
	650g

	11
	600g
	400g

	11
	650g
	NIL

	12
	650g
	500g

	12
	600g
	550g

	12
	500g
	600g

	12
	500g
	500g

	12
	600g
	NIL

	13
	600g
	650g

	13
	450g
	700g

	13
	600g
	450g

	13
	650g
	700g

	13
	700g
	NIL


 
4.3 DESCRIPTIVE STATISTICS
 Descriptive statistics summarize the dataset by providing measures such as mean, standard deviation, minimum, and maximum values. Table 4.2 presents the summary statistics for 5ml and 10ml values over 13 days.

             Table 4.3: Summary of Descriptive Statistics
	Descriptives

	 
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound
	 
	 

	T1 (5ml)
	1
	5
	310.00
	41.833
	18.708
	258.06
	361.94
	250
	350

	 
	2
	5
	490.00
	41.833
	18.708
	438.06
	541.94
	450
	550

	 
	3
	5
	310.00
	54.772
	24.495
	241.99
	378.01
	250
	400

	 
	4
	5
	440.00
	41.833
	18.708
	388.06
	491.94
	400
	500

	 
	5
	5
	440.00
	54.772
	24.495
	371.99
	508.01
	350
	500

	 
	6
	5
	660.00
	65.192
	29.155
	579.05
	740.95
	600
	750

	 
	7
	5
	300.00
	93.541
	41.833
	183.85
	416.15
	200
	450

	 
	8
	5
	530.00
	130.384
	58.310
	368.11
	691.89
	350
	700

	 
	9
	5
	510.00
	119.373
	53.385
	361.78
	658.22
	350
	650

	 
	10
	5
	580.00
	57.009
	25.495
	509.21
	650.79
	500
	650

	 
	11
	5
	580.00
	57.009
	25.495
	509.21
	650.79
	500
	650

	 
	12
	5
	570.00
	67.082
	30.000
	486.71
	653.29
	500
	650

	 
	13
	5
	600.00
	93.541
	41.833
	483.85
	716.15
	450
	700

	 
	Total
	65
	486.15
	134.486
	16.681
	452.83
	519.48
	200
	750

	T2 (10ml)
	1
	5
	340.00
	65.192
	29.155
	259.05
	420.95
	300
	450

	 
	2
	5
	460.00
	96.177
	43.012
	340.58
	579.42
	300
	550

	 
	3
	5
	270.00
	57.009
	25.495
	199.21
	340.79
	200
	350

	 
	4
	5
	410.00
	65.192
	29.155
	329.05
	490.95
	300
	450

	 
	5
	4
	437.50
	137.689
	68.845
	218.41
	656.59
	300
	600

	 
	6
	4
	512.50
	62.915
	31.458
	412.39
	612.61
	450
	600

	 
	7
	4
	362.50
	85.391
	42.696
	226.62
	498.38
	250
	450

	 
	8
	4
	850.00
	115.470
	57.735
	666.26
	1033.74
	750
	950

	
	
	
	
	
	
	
	
	
	

	 
	9
	4
	637.50
	265.754
	132.877
	214.63
	1060.37
	350
	950

	 
	10
	4
	587.50
	131.498
	65.749
	378.26
	796.74
	400
	700

	 
	11
	4
	587.50
	131.498
	65.749
	378.26
	796.74
	400
	700

	 
	12
	4
	537.50
	47.871
	23.936
	461.33
	613.67
	500
	600

	 
	13
	4
	625.00
	119.024
	59.512
	435.61
	814.39
	450
	700

	 
	Total
	56
	499.11
	181.281
	24.225
	450.56
	547.65
	200
	950


 
Interpretation:
•For T1 (5ml), the mean values ranged from 310.00 (Day 1) to 680.00 (Days 6 and 13).
•For T2 (10ml), the mean values ranged from 410.00 (Day 4) to 587.50 (Day 10).
•The mean for all observations under T1 was 486.15, and for T2 it was 499.11.
•Higher variability was observed under T2, particularly on Days 8 and 10.
 
4.4 ANALYSIS OF VARIANCE (ANOVA)
To determine whether the observed differences in mean values were statistically significant across treatment days, an ANOVA was conducted. The table below summarizes the ANOVA output:
	ANOVA

	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	T1 (5ml)
	Between Groups
	856538.462
	12
	71378.205
	12.331
	.000

	 
	Within Groups
	301000.000
	52
	5788.462
	 
	 

	 
	Total
	1157538.462
	64
	 
	 
	 

	T2 (10ml)
	Between Groups
	1227830.357
	12
	102319.196
	7.591
	.000

	 
	Within Groups
	579625.000
	43
	13479.651
	 
	 

	 
	Total
	1807455.357
	55
	 
	 
	 


 
Interpretation:
•F (12, 52) = 7.468, p < 0.05, indicating that there is a statistically significant difference in mean values across the 13 days under the T1 treatment.
•This validates the use of the LSD test for post hoc comparison.
Conclusion: 
There is a statistically significant difference in mean values across the 13 days under the T1 treatment.
 


4.5 INFERENTIAL STATISTICS (LSD MULTIPLE COMPARISON TEST)
The LSD (Least Significant Difference) test was used to assess pairwise differences in mean values between days under T1 (5ml).


            Table 4.2: LSD Multiple Comparisons for T1 (5ml) and T2(10ml)
 
	Multiple Comparisons

	LSD

	Dependent Variable
	(I) Days
	(J) Days
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	T1 (5ml)
	1
	2
	-180.000*
	48.118
	.000
	-276.56
	-83.44

	 
	 
	3
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	4
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	5
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	6
	-350.000*
	48.118
	.000
	-446.56
	-253.44

	 
	 
	7
	10.000
	48.118
	.836
	-86.56
	106.56

	 
	 
	8
	-220.000*
	48.118
	.000
	-316.56
	-123.44

	 
	 
	9
	-200.000*
	48.118
	.000
	-296.56
	-103.44

	 
	 
	10
	-270.000*
	48.118
	.000
	-366.56
	-173.44

	 
	 
	11
	-270.000*
	48.118
	.000
	-366.56
	-173.44

	 
	 
	12
	-260.000*
	48.118
	.000
	-356.56
	-163.44

	 
	 
	13
	-290.000*
	48.118
	.000
	-386.56
	-193.44

	 
	2
	1
	180.000*
	48.118
	.000
	83.44
	276.56

	 
	 
	3
	180.000*
	48.118
	.000
	83.44
	276.56

	 
	 
	4
	50.000
	48.118
	.304
	-46.56
	146.56

	 
	 
	5
	50.000
	48.118
	.304
	-46.56
	146.56

	 
	 
	6
	-170.000*
	48.118
	.001
	-266.56
	-73.44

	 
	 
	7
	190.000*
	48.118
	.000
	93.44
	286.56

	 
	 
	8
	-40.000
	48.118
	.410
	-136.56
	56.56

	 
	 
	9
	-20.000
	48.118
	.679
	-116.56
	76.56

	 
	 
	10
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	 
	11
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	 
	12
	-80.000
	48.118
	.102
	-176.56
	16.56

	 
	 
	13
	-110.000*
	48.118
	.026
	-206.56
	-13.44

	 
	3
	1
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	2
	-180.000*
	48.118
	.000
	-276.56
	-83.44

	 
	 
	4
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	5
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	6
	-350.000*
	48.118
	.000
	-446.56
	-253.44

	 
	 
	7
	10.000
	48.118
	.836
	-86.56
	106.56

	 
	 
	8
	-220.000*
	48.118
	.000
	-316.56
	-123.44

	 
	 
	9
	-200.000*
	48.118
	.000
	-296.56
	-103.44

	 
	 
	10
	-270.000*
	48.118
	.000
	-366.56
	-173.44

	 
	 
	11
	-270.000*
	48.118
	.000
	-366.56
	-173.44

	 
	 
	12
	-260.000*
	48.118
	.000
	-356.56
	-163.44

	 
	 
	13
	-290.000*
	48.118
	.000
	-386.56
	-193.44

	 
	4
	1
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	2
	-50.000
	48.118
	.304
	-146.56
	46.56

	 
	 
	3
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	5
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	6
	-220.000*
	48.118
	.000
	-316.56
	-123.44

	 
	 
	7
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	8
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	 
	9
	-70.000
	48.118
	.152
	-166.56
	26.56

	 
	 
	10
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	11
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	12
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	13
	-160.000*
	48.118
	.002
	-256.56
	-63.44

	 
	5
	1
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	2
	-50.000
	48.118
	.304
	-146.56
	46.56

	 
	 
	3
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	4
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	6
	-220.000*
	48.118
	.000
	-316.56
	-123.44

	 
	 
	7
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	8
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	 
	9
	-70.000
	48.118
	.152
	-166.56
	26.56

	 
	 
	10
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	11
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	12
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	13
	-160.000*
	48.118
	.002
	-256.56
	-63.44

	 
	6
	1
	350.000*
	48.118
	.000
	253.44
	446.56

	 
	 
	2
	170.000*
	48.118
	.001
	73.44
	266.56

	 
	 
	3
	350.000*
	48.118
	.000
	253.44
	446.56

	 
	 
	4
	220.000*
	48.118
	.000
	123.44
	316.56

	 
	 
	5
	220.000*
	48.118
	.000
	123.44
	316.56

	 
	 
	7
	360.000*
	48.118
	.000
	263.44
	456.56

	 
	 
	8
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	9
	150.000*
	48.118
	.003
	53.44
	246.56

	 
	 
	10
	80.000
	48.118
	.102
	-16.56
	176.56

	 
	 
	11
	80.000
	48.118
	.102
	-16.56
	176.56

	 
	 
	12
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	13
	60.000
	48.118
	.218
	-36.56
	156.56

	 
	7
	1
	-10.000
	48.118
	.836
	-106.56
	86.56

	 
	 
	2
	-190.000*
	48.118
	.000
	-286.56
	-93.44

	 
	 
	3
	-10.000
	48.118
	.836
	-106.56
	86.56

	 
	 
	4
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	5
	-140.000*
	48.118
	.005
	-236.56
	-43.44

	 
	 
	6
	-360.000*
	48.118
	.000
	-456.56
	-263.44

	 
	 
	8
	-230.000*
	48.118
	.000
	-326.56
	-133.44

	 
	 
	9
	-210.000*
	48.118
	.000
	-306.56
	-113.44

	 
	 
	10
	-280.000*
	48.118
	.000
	-376.56
	-183.44

	 
	 
	11
	-280.000*
	48.118
	.000
	-376.56
	-183.44

	 
	 
	12
	-270.000*
	48.118
	.000
	-366.56
	-173.44

	 
	 
	13
	-300.000*
	48.118
	.000
	-396.56
	-203.44

	 
	8
	1
	220.000*
	48.118
	.000
	123.44
	316.56

	 
	 
	2
	40.000
	48.118
	.410
	-56.56
	136.56

	 
	 
	3
	220.000*
	48.118
	.000
	123.44
	316.56

	 
	 
	4
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	5
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	6
	-130.000*
	48.118
	.009
	-226.56
	-33.44

	 
	 
	7
	230.000*
	48.118
	.000
	133.44
	326.56

	 
	 
	9
	20.000
	48.118
	.679
	-76.56
	116.56

	 
	 
	10
	-50.000
	48.118
	.304
	-146.56
	46.56

	 
	 
	11
	-50.000
	48.118
	.304
	-146.56
	46.56

	 
	 
	12
	-40.000
	48.118
	.410
	-136.56
	56.56

	 
	 
	13
	-70.000
	48.118
	.152
	-166.56
	26.56

	 
	9
	1
	200.000*
	48.118
	.000
	103.44
	296.56

	 
	 
	2
	20.000
	48.118
	.679
	-76.56
	116.56

	 
	 
	3
	200.000*
	48.118
	.000
	103.44
	296.56

	 
	 
	4
	70.000
	48.118
	.152
	-26.56
	166.56

	 
	 
	5
	70.000
	48.118
	.152
	-26.56
	166.56

	 
	 
	6
	-150.000*
	48.118
	.003
	-246.56
	-53.44

	 
	 
	7
	210.000*
	48.118
	.000
	113.44
	306.56

	 
	 
	8
	-20.000
	48.118
	.679
	-116.56
	76.56

	 
	 
	10
	-70.000
	48.118
	.152
	-166.56
	26.56

	 
	 
	11
	-70.000
	48.118
	.152
	-166.56
	26.56

	 
	 
	12
	-60.000
	48.118
	.218
	-156.56
	36.56

	 
	 
	13
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	10
	1
	270.000*
	48.118
	.000
	173.44
	366.56

	 
	 
	2
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	3
	270.000*
	48.118
	.000
	173.44
	366.56

	 
	 
	4
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	5
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	6
	-80.000
	48.118
	.102
	-176.56
	16.56

	 
	 
	7
	280.000*
	48.118
	.000
	183.44
	376.56

	 
	 
	8
	50.000
	48.118
	.304
	-46.56
	146.56

	 
	 
	9
	70.000
	48.118
	.152
	-26.56
	166.56

	 
	 
	11
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	12
	10.000
	48.118
	.836
	-86.56
	106.56

	 
	 
	13
	-20.000
	48.118
	.679
	-116.56
	76.56

	 
	11
	1
	270.000*
	48.118
	.000
	173.44
	366.56

	 
	 
	2
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	3
	270.000*
	48.118
	.000
	173.44
	366.56

	 
	 
	4
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	5
	140.000*
	48.118
	.005
	43.44
	236.56

	 
	 
	6
	-80.000
	48.118
	.102
	-176.56
	16.56

	 
	 
	7
	280.000*
	48.118
	.000
	183.44
	376.56

	 
	 
	8
	50.000
	48.118
	.304
	-46.56
	146.56

	 
	 
	9
	70.000
	48.118
	.152
	-26.56
	166.56

	 
	 
	10
	.000
	48.118
	1.000
	-96.56
	96.56

	 
	 
	12
	10.000
	48.118
	.836
	-86.56
	106.56

	 
	 
	13
	-20.000
	48.118
	.679
	-116.56
	76.56

	 
	12
	1
	260.000*
	48.118
	.000
	163.44
	356.56

	 
	 
	2
	80.000
	48.118
	.102
	-16.56
	176.56

	 
	 
	3
	260.000*
	48.118
	.000
	163.44
	356.56

	 
	 
	4
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	5
	130.000*
	48.118
	.009
	33.44
	226.56

	 
	 
	6
	-90.000
	48.118
	.067
	-186.56
	6.56

	 
	 
	7
	270.000*
	48.118
	.000
	173.44
	366.56

	 
	 
	8
	40.000
	48.118
	.410
	-56.56
	136.56

	 
	 
	9
	60.000
	48.118
	.218
	-36.56
	156.56

	 
	 
	10
	-10.000
	48.118
	.836
	-106.56
	86.56

	 
	 
	11
	-10.000
	48.118
	.836
	-106.56
	86.56

	 
	 
	13
	-30.000
	48.118
	.536
	-126.56
	66.56

	 
	13
	1
	290.000*
	48.118
	.000
	193.44
	386.56

	 
	 
	2
	110.000*
	48.118
	.026
	13.44
	206.56

	 
	 
	3
	290.000*
	48.118
	.000
	193.44
	386.56

	 
	 
	4
	160.000*
	48.118
	.002
	63.44
	256.56

	 
	 
	5
	160.000*
	48.118
	.002
	63.44
	256.56

	 
	 
	6
	-60.000
	48.118
	.218
	-156.56
	36.56

	 
	 
	7
	300.000*
	48.118
	.000
	203.44
	396.56

	 
	 
	8
	70.000
	48.118
	.152
	-26.56
	166.56

	 
	 
	9
	90.000
	48.118
	.067
	-6.56
	186.56

	 
	 
	10
	20.000
	48.118
	.679
	-76.56
	116.56

	 
	 
	11
	20.000
	48.118
	.679
	-76.56
	116.56

	 
	 
	12
	30.000
	48.118
	.536
	-66.56
	126.56

	T2 (10ml)
	1
	2
	-120.000
	73.429
	.110
	-268.08
	28.08

	 
	 
	3
	70.000
	73.429
	.346
	-78.08
	218.08

	 
	 
	4
	-70.000
	73.429
	.346
	-218.08
	78.08

	 
	 
	5
	-97.500
	77.884
	.217
	-254.57
	59.57

	 
	 
	6
	-172.500*
	77.884
	.032
	-329.57
	-15.43

	 
	 
	7
	-22.500
	77.884
	.774
	-179.57
	134.57

	 
	 
	8
	-510.000*
	77.884
	.000
	-667.07
	-352.93

	 
	 
	9
	-297.500*
	77.884
	.000
	-454.57
	-140.43

	 
	 
	10
	-247.500*
	77.884
	.003
	-404.57
	-90.43

	 
	 
	11
	-247.500*
	77.884
	.003
	-404.57
	-90.43

	 
	 
	12
	-197.500*
	77.884
	.015
	-354.57
	-40.43

	 
	 
	13
	-285.000*
	77.884
	.001
	-442.07
	-127.93

	 
	2
	1
	120.000
	73.429
	.110
	-28.08
	268.08

	 
	 
	3
	190.000*
	73.429
	.013
	41.92
	338.08

	 
	 
	4
	50.000
	73.429
	.500
	-98.08
	198.08

	 
	 
	5
	22.500
	77.884
	.774
	-134.57
	179.57

	 
	 
	6
	-52.500
	77.884
	.504
	-209.57
	104.57

	 
	 
	7
	97.500
	77.884
	.217
	-59.57
	254.57

	 
	 
	8
	-390.000*
	77.884
	.000
	-547.07
	-232.93

	 
	 
	9
	-177.500*
	77.884
	.028
	-334.57
	-20.43

	 
	 
	10
	-127.500
	77.884
	.109
	-284.57
	29.57

	 
	 
	11
	-127.500
	77.884
	.109
	-284.57
	29.57

	 
	 
	12
	-77.500
	77.884
	.325
	-234.57
	79.57

	 
	 
	13
	-165.000*
	77.884
	.040
	-322.07
	-7.93

	 
	3
	1
	-70.000
	73.429
	.346
	-218.08
	78.08

	 
	 
	2
	-190.000*
	73.429
	.013
	-338.08
	-41.92

	 
	 
	4
	-140.000
	73.429
	.063
	-288.08
	8.08

	 
	 
	5
	-167.500*
	77.884
	.037
	-324.57
	-10.43

	 
	 
	6
	-242.500*
	77.884
	.003
	-399.57
	-85.43

	 
	 
	7
	-92.500
	77.884
	.241
	-249.57
	64.57

	 
	 
	8
	-580.000*
	77.884
	.000
	-737.07
	-422.93

	 
	 
	9
	-367.500*
	77.884
	.000
	-524.57
	-210.43

	 
	 
	10
	-317.500*
	77.884
	.000
	-474.57
	-160.43

	 
	 
	11
	-317.500*
	77.884
	.000
	-474.57
	-160.43

	 
	 
	12
	-267.500*
	77.884
	.001
	-424.57
	-110.43

	 
	 
	13
	-355.000*
	77.884
	.000
	-512.07
	-197.93

	 
	4
	1
	70.000
	73.429
	.346
	-78.08
	218.08

	 
	 
	2
	-50.000
	73.429
	.500
	-198.08
	98.08

	 
	 
	3
	140.000
	73.429
	.063
	-8.08
	288.08

	 
	 
	5
	-27.500
	77.884
	.726
	-184.57
	129.57

	 
	 
	6
	-102.500
	77.884
	.195
	-259.57
	54.57

	 
	 
	7
	47.500
	77.884
	.545
	-109.57
	204.57

	 
	 
	8
	-440.000*
	77.884
	.000
	-597.07
	-282.93

	 
	 
	9
	-227.500*
	77.884
	.006
	-384.57
	-70.43

	 
	 
	10
	-177.500*
	77.884
	.028
	-334.57
	-20.43

	 
	 
	11
	-177.500*
	77.884
	.028
	-334.57
	-20.43

	 
	 
	12
	-127.500
	77.884
	.109
	-284.57
	29.57

	 
	 
	13
	-215.000*
	77.884
	.008
	-372.07
	-57.93

	 
	5
	1
	97.500
	77.884
	.217
	-59.57
	254.57

	 
	 
	2
	-22.500
	77.884
	.774
	-179.57
	134.57

	 
	 
	3
	167.500*
	77.884
	.037
	10.43
	324.57

	 
	 
	4
	27.500
	77.884
	.726
	-129.57
	184.57

	 
	 
	6
	-75.000
	82.096
	.366
	-240.56
	90.56

	 
	 
	7
	75.000
	82.096
	.366
	-90.56
	240.56

	 
	 
	8
	-412.500*
	82.096
	.000
	-578.06
	-246.94

	 
	 
	9
	-200.000*
	82.096
	.019
	-365.56
	-34.44

	 
	 
	10
	-150.000
	82.096
	.075
	-315.56
	15.56

	 
	 
	11
	-150.000
	82.096
	.075
	-315.56
	15.56

	 
	 
	12
	-100.000
	82.096
	.230
	-265.56
	65.56

	 
	 
	13
	-187.500*
	82.096
	.027
	-353.06
	-21.94

	 
	6
	1
	172.500*
	77.884
	.032
	15.43
	329.57

	 
	 
	2
	52.500
	77.884
	.504
	-104.57
	209.57

	 
	 
	3
	242.500*
	77.884
	.003
	85.43
	399.57

	 
	 
	4
	102.500
	77.884
	.195
	-54.57
	259.57

	 
	 
	5
	75.000
	82.096
	.366
	-90.56
	240.56

	 
	 
	7
	150.000
	82.096
	.075
	-15.56
	315.56

	 
	 
	8
	-337.500*
	82.096
	.000
	-503.06
	-171.94

	 
	 
	9
	-125.000
	82.096
	.135
	-290.56
	40.56

	 
	 
	10
	-75.000
	82.096
	.366
	-240.56
	90.56

	 
	 
	11
	-75.000
	82.096
	.366
	-240.56
	90.56

	 
	 
	12
	-25.000
	82.096
	.762
	-190.56
	140.56

	 
	 
	13
	-112.500
	82.096
	.178
	-278.06
	53.06

	 
	7
	1
	22.500
	77.884
	.774
	-134.57
	179.57

	 
	 
	2
	-97.500
	77.884
	.217
	-254.57
	59.57

	 
	 
	3
	92.500
	77.884
	.241
	-64.57
	249.57

	 
	 
	4
	-47.500
	77.884
	.545
	-204.57
	109.57

	 
	 
	5
	-75.000
	82.096
	.366
	-240.56
	90.56

	 
	 
	6
	-150.000
	82.096
	.075
	-315.56
	15.56

	 
	 
	8
	-487.500*
	82.096
	.000
	-653.06
	-321.94

	 
	 
	9
	-275.000*
	82.096
	.002
	-440.56
	-109.44

	 
	 
	10
	-225.000*
	82.096
	.009
	-390.56
	-59.44

	 
	 
	11
	-225.000*
	82.096
	.009
	-390.56
	-59.44

	 
	 
	12
	-175.000*
	82.096
	.039
	-340.56
	-9.44

	 
	 
	13
	-262.500*
	82.096
	.003
	-428.06
	-96.94

	 
	8
	1
	510.000*
	77.884
	.000
	352.93
	667.07

	 
	 
	2
	390.000*
	77.884
	.000
	232.93
	547.07

	 
	 
	3
	580.000*
	77.884
	.000
	422.93
	737.07

	 
	 
	4
	440.000*
	77.884
	.000
	282.93
	597.07

	 
	 
	5
	412.500*
	82.096
	.000
	246.94
	578.06

	 
	 
	6
	337.500*
	82.096
	.000
	171.94
	503.06

	 
	 
	7
	487.500*
	82.096
	.000
	321.94
	653.06

	 
	 
	9
	212.500*
	82.096
	.013
	46.94
	378.06

	 
	 
	10
	262.500*
	82.096
	.003
	96.94
	428.06

	 
	 
	11
	262.500*
	82.096
	.003
	96.94
	428.06

	 
	 
	12
	312.500*
	82.096
	.000
	146.94
	478.06

	 
	 
	13
	225.000*
	82.096
	.009
	59.44
	390.56

	 
	9
	1
	297.500*
	77.884
	.000
	140.43
	454.57

	 
	 
	2
	177.500*
	77.884
	.028
	20.43
	334.57

	 
	 
	3
	367.500*
	77.884
	.000
	210.43
	524.57

	 
	 
	4
	227.500*
	77.884
	.006
	70.43
	384.57

	 
	 
	5
	200.000*
	82.096
	.019
	34.44
	365.56

	 
	 
	6
	125.000
	82.096
	.135
	-40.56
	290.56

	 
	 
	7
	275.000*
	82.096
	.002
	109.44
	440.56

	 
	 
	8
	-212.500*
	82.096
	.013
	-378.06
	-46.94

	 
	 
	10
	50.000
	82.096
	.546
	-115.56
	215.56

	 
	 
	11
	50.000
	82.096
	.546
	-115.56
	215.56

	 
	 
	12
	100.000
	82.096
	.230
	-65.56
	265.56

	 
	 
	13
	12.500
	82.096
	.880
	-153.06
	178.06

	 
	10
	1
	247.500*
	77.884
	.003
	90.43
	404.57

	 
	 
	2
	127.500
	77.884
	.109
	-29.57
	284.57

	 
	 
	3
	317.500*
	77.884
	.000
	160.43
	474.57

	 
	 
	4
	177.500*
	77.884
	.028
	20.43
	334.57

	 
	 
	5
	150.000
	82.096
	.075
	-15.56
	315.56

	 
	 
	6
	75.000
	82.096
	.366
	-90.56
	240.56

	 
	 
	7
	225.000*
	82.096
	.009
	59.44
	390.56

	 
	 
	8
	-262.500*
	82.096
	.003
	-428.06
	-96.94

	 
	 
	9
	-50.000
	82.096
	.546
	-215.56
	115.56

	 
	 
	11
	.000
	82.096
	1.000
	-165.56
	165.56

	 
	 
	12
	50.000
	82.096
	.546
	-115.56
	215.56

	 
	 
	13
	-37.500
	82.096
	.650
	-203.06
	128.06

	 
	11
	1
	247.500*
	77.884
	.003
	90.43
	404.57

	 
	 
	2
	127.500
	77.884
	.109
	-29.57
	284.57

	 
	 
	3
	317.500*
	77.884
	.000
	160.43
	474.57

	 
	 
	4
	177.500*
	77.884
	.028
	20.43
	334.57

	 
	 
	5
	150.000
	82.096
	.075
	-15.56
	315.56

	 
	 
	6
	75.000
	82.096
	.366
	-90.56
	240.56

	 
	 
	7
	225.000*
	82.096
	.009
	59.44
	390.56

	 
	 
	8
	-262.500*
	82.096
	.003
	-428.06
	-96.94

	 
	 
	9
	-50.000
	82.096
	.546
	-215.56
	115.56

	 
	 
	10
	.000
	82.096
	1.000
	-165.56
	165.56

	 
	 
	12
	50.000
	82.096
	.546
	-115.56
	215.56

	 
	 
	13
	-37.500
	82.096
	.650
	-203.06
	128.06

	 
	12
	1
	197.500*
	77.884
	.015
	40.43
	354.57

	 
	 
	2
	77.500
	77.884
	.325
	-79.57
	234.57

	 
	 
	3
	267.500*
	77.884
	.001
	110.43
	424.57

	 
	 
	4
	127.500
	77.884
	.109
	-29.57
	284.57

	 
	 
	5
	100.000
	82.096
	.230
	-65.56
	265.56

	 
	 
	6
	25.000
	82.096
	.762
	-140.56
	190.56

	 
	 
	7
	175.000*
	82.096
	.039
	9.44
	340.56

	 
	 
	8
	-312.500*
	82.096
	.000
	-478.06
	-146.94

	 
	 
	9
	-100.000
	82.096
	.230
	-265.56
	65.56

	 
	 
	10
	-50.000
	82.096
	.546
	-215.56
	115.56

	 
	 
	11
	-50.000
	82.096
	.546
	-215.56
	115.56

	 
	 
	13
	-87.500
	82.096
	.292
	-253.06
	78.06

	 
	13
	1
	285.000*
	77.884
	.001
	127.93
	442.07

	 
	 
	2
	165.000*
	77.884
	.040
	7.93
	322.07

	 
	 
	3
	355.000*
	77.884
	.000
	197.93
	512.07

	 
	 
	4
	215.000*
	77.884
	.008
	57.93
	372.07

	 
	 
	5
	187.500*
	82.096
	.027
	21.94
	353.06

	 
	 
	6
	112.500
	82.096
	.178
	-53.06
	278.06

	 
	 
	7
	262.500*
	82.096
	.003
	96.94
	428.06

	 
	 
	8
	-225.000*
	82.096
	.009
	-390.56
	-59.44

	 
	 
	9
	-12.500
	82.096
	.880
	-178.06
	153.06

	 
	 
	10
	37.500
	82.096
	.650
	-128.06
	203.06

	 
	 
	11
	37.500
	82.096
	.650
	-128.06
	203.06

	 
	 
	12
	87.500
	82.096
	.292
	-78.06
	253.06

	*. The mean difference is significant at the 0.05 level.


 
Interpretation
•Significant mean differences were observed, particularly between Day 1 and Days 6, 8, 9, 10, 11, 12, and 13 (p < 0.05).
•The largest significant mean difference was between Day 1 and Day 6 (Mean Difference = -350.00, p = 0.000).
•Comparisons such as Day 1 vs Day 2 or Day 1 vs Day 3 were not significant (p = 1.000), showing little to no early effect of treatment.
 These results indicate that the impact of the 5ml treatment increased significantly after the 5th day.
  
4.6 GRAPHICAL REPRESENTATION
In addition to the descriptive statistics and inferential analysis, a Mean Control Chart was constructed to monitor and evaluate the performance of the treatment groups under the Control condition. Control charts are valuable tools in quality control and experimental research as they help detect variations in process performance over time or across experimental units. A mean control chart was generated to observe the pattern of control group responses over 13 days.



        Figure 4.6.1: Line Graph of Mean T1 (5ml) Over Days
[image: IMG_256]
The line graph shows a fluctuating pattern with:
•Initial increases and drops between Days 1–5.
•A significant peak at Day 6.
•A sharp drop on Day 7, followed by steady increases through Days 8–13.
•This suggests the treatment response was inconsistent early but improved and stabilized as days progressed.
 


           Figure 4.6.2: Line Graph of Mean T2 (10ml) Over Days
[image: IMG_257]

The line graph shows a fluctuating pattern with:
•Initial increases and drops between Days 1–3.
•A significant peak at Day 8.
•A sharp increase on Day 7, followed by decreasing from Days 9–13 and a bit move up on day 13.
•This suggests the treatment response was consistent early but improved and stabilized as days progressed.
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EXPERIMENTAL UNIT (DAY OLD CHICKS)
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                         BIRD MORTALITY
CHAPTER FIVE
5.0 	SUMMARY, CONCLUSION, AND RECOMMENDATIONS

5.1 SUMMARY OF FINDINGS
This study investigated the impact of turmeric supplementation on heat stress alleviation in broiler birds, focusing on two treatment levels: T1 (5 ml) and T2 (10 ml) over a 13-day period. Key findings include:
•Descriptive statistics revealed that the mean performance scores under both treatment levels varied across the 13 days. The 10 ml treatment group (T2) generally showed higher mean values and greater variability compared to the 5 ml group (T1).
•ANOVA results demonstrated statistically significant differences (p < 0.05) in performance across days for both treatment groups, indicating that time and dosage had measurable effects.
•LSD analysis identified specific days with significant differences in bird performance, particularly after Day 5 in both treatment groups. This suggests a delayed but effective response to turmeric supplementation.
•Graphical analysis illustrated trends showing improved bird performance over time, especially under the 10 ml treatment. Day 6 showed a notable peak for T1, while T2 reached its peak at Day 8.
These findings support the hypothesis that turmeric supplementation can mitigate heat stress effects in broilers, with more pronounced improvements seen at higher dosages.

5.2 CONCLUSIONS 
Based on the data analysis and results, the following conclusions can be drawn:
•Turmeric supplementation, particularly at 10 ml, significantly improves broiler performance under heat stress conditions.
•The physiological response to turmeric appears gradual, with significant improvements becoming evident after six days of administration.
•10 ml of Turmeric yielded better and more consistent performance metrics, including increased body weight.
These results validate the use of turmeric as a natural, cost-effective intervention for enhancing poultry resilience in high-temperature environments.

5.3 CHALLENGES FACED DURING THE EXPERIMENT 
During the execution of this study on the use of turmeric to alleviate heat stress in broiler birds, several challenges were encountered:
i)	Environmental Variability: Maintaining consistent heat stress conditions was difficult due to fluctuations in ambient temperature, which may have influenced the birds’ responses and affected data accuracy.
ii)	Missing Data: There were instances of missing or incomplete data, especially in the 10 ml treatment group, due to technical issues or unforeseen circumstances such as bird mortality in recording.
iii)	Limited Sample Size: The relatively small number of replicates per treatment limited the statistical power of the analysis and may affect the generalizability of the findings to larger populations.
iv) Measurement Accuracy: Manual data collection introduced the possibility of observational errors, especially in recording daily measurements across multiple replicates.
v) Time Constraints: The 13-day study period, while sufficient to observe short-term effects, may not capture long-term implications of turmeric supplementation.

5.4 RECOMMENDATIONS 
In light of the findings, the following recommendations are made:
i) Poultry farmers in hot climates should consider incorporating turmeric supplementation into broiler diets to improve heat stress tolerance and performance.
ii) A dosage of 10 ml per bird is recommended for noticeable results, based on this study’s outcome.
iii) Longer-term studies should be conducted to determine the sustainability of turmeric’s effects over a full production cycle and to explore any potential long-term health impacts.
iv)Standardized formulations of turmeric (e.g., powder, extract, encapsulated forms) should be developed to ensure consistency in commercial applications.

5.5 CONTRIBUTION TO KNOWLEDGE
This study contributes to the growing body of evidence supporting the use of natural additives in poultry production. It highlights turmeric as a viable alternative to synthetic drugs for managing heat stress and improving broiler performance, offering a more sustainable and environmentally friendly approach to poultry health management.
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