72
H. A. Al-Shanti

73
The Effect of Adding Vitamin C, Potassium Chloride and Sodium Bicarbonate…


The Effect of Adding Vitamin C, Potassium Chloride and Sodium Bicarbonate to the Water on the Performance of Broiler Chicks under Palestinian Summer Conditions

H. A. Al-Shanti

Department of Animal Production, Faculty of Agriculture, Al–Azhar University, Gaza, Palestine

(Received 1/8/1424 AH; accepted for publication 27/2/1425 AH)
Abstract. A four–water treatment experiment was carried out to evaluate the effect of some water supplements on the performance of broilers reared under summer conditions (July–August) of Palestine. At the beginning of the 3rd week of age, 200 Anake 2000 broiler chicks with nearly equal live body weight were equally and randomly allotted to one of the following four treatments: 1) tap water without supplement served as the control, 2) tap water supplemented with 1.0 g vitamin C/litter water, 3) tap water supplemented with 10.0 g potassium chloride/litter water, and 4) tap water supplemented with 10.0 g sodium bicarbonate/litter water. The study lasted for 4 weeks. Feed, water and lighting were made available throughout the experimental period. Growth performance, carcass traits, blood constituents and economic benefits were determined. 

Final body weight and total weight gain were significantly improved by water supplements as compared with the control group. Percentages of carcass, heart, gizzard, giblets and total edible parts were insignificantly increased, while liver and abdominal fat percentages were insignificantly decreased by water supplements as compared to the control. Blood constituent measurements of total protein, albumin (A), globulin (G), A/G, cholesterol, triglycerides, creatinine, AST (aspartate transaminase), ALT (alanine transaminase), RBC (red blood cells), Hb (hemoglobin), Ht (heamatocrite), MCV (mean corpuscular volume), and electrolytes (Na+, K+, Ca+ and Cl-) did not significantly differ between the studied treatments, except that WBC counts were significantly increased by supplements used. Economically, water supplements improved net revenue of production, with superiority to vitamin C, relative to the control group.

Introduction

Among the climatic components that may impose stress on productive performance of broiler chickens are temperature, humidity, air movement and radiation. However, temperature perhaps is considered as the most limiting factor of production under hot environment conditions, since it evokes a series of changes in biological functions of stressed birds. Some of the biological disturbances associated with heat-stressed include an increase in body temperature, respiration rate, and blood alkalinity (alkalosis) as reported by Bottje and Harrison [1]. Alkalosis induced by heat stress has been related to negative mineral balance for K+ as well as Na+ [2] and elevated blood corticosterone 

responsible for the suppression of immune system functions [2, 3]. Hence an increase in mortality and a reduced growth rate due to heat prostration were evident in studies with heat-stressed broilers [1, 4-7]. Substantial research efforts have been directed towards alleviating some of the deleterious effect of high ambient temperatures on performance of broilers, through dietary or drinking water manipulation to correct the acid-base imbalance and other physiological disorders associated with the exposure to heat stress episode.

Vitamin C (Ascorbic acid), one of the most studied additives when attempting to cope with heat stress, appears to alter the endocrine aspects of physiological stress so that the immune suppressive effects are minimized, the presence of vitamin C inhibits 21-hydroxylase and 11-βeta hydroxylase, which are key enzymes in the biosynthetic pathway of corticosterone [8]. A reduction in plasma corticosterone tends to improve the growth performance of heat stressed birds [9]. Stress conditions may increase metabolic need for vitamin C beyond the normal synthetic ability of the bird, since ascorbic acid ameliorate the steroid-mediated immuno suppression  [10], decreased body temperature  [11], increased feed intake [12], decreased mortality and increased body weight gains [4].  Supplementing heat-stressed broilers with potassium chloride was found to alleviate the changes in acid-base balance [13], increase water intake, enhance thermo-regulation [11] and improve weight gain and feed conversion ratio [5]. Supplementing heat-stressed broilers with NaHCO3 represents an adequate source for sodium, carbon dioxide and hydrogen, which could result in partial correction of acid base imbalance [14]. NaHCO3 either in drinking water [1, 15] or in feed [16-17] was reported  to increase weight gain, feed intake, feed efficiency and decrease mortality. 

The objective of the present study was to evaluate the effect of supplementing drinking water with vitamin C, potassium chloride (KCl) and sodium bicarbonate (NaHCO3) on growth performance, carcass characteristics, some blood biochemical traits and economics of production of broilers under summer conditions of Palestine.

Materials and Methods

The present study was carried out at the Poultry Experimental unit at the Agricultural School, Beit-Hanoun, Gaza Strip, Palestine. The experiment was initiated in July 2001 and terminated in August 2001.Two hundred unsexed one-day-old Anake 2000 broiler chicks were used in the present study. Birds were brooded in floor pens at 33-34°C up to the end of the second week of age. A starter broiler diet was offered during the period from hatch to the end of the third week of age, then broilers were switched to grower diet up to the end of the sixth week of age when the study was terminated (Table 1). Diets were composed according to NRC [18]. Recommendation and analyses were made according to AOAC [19] as shown in Table 1. At the beginning of the third week of age, broilers with nearly equal body weights were randomly divided into four experimental treatments of 50 birds each in 5 replicates (10 broilers/floor pen) and received one of the following water treatments; 1) tap water without supplement served as the control, 2) tap water supplemented with 1.0 g vitamin C/litter water, 3) tap water supplemented with 10.0 g potassium chloride/litter water, and 4) was tap water supplemented with 10.0 g sodium bicarbonate/litter water.

Feed, water and lighting were made available throughout the experimental period. Maximum and minimum temperatures and relative humidity during the experimental period were recorded and summarized weekly (Table 2). Growth performance of birds criteria (live body weight, weight gain, feed intake and feed conversion ratio) was calculated. At the end of growth trial, six random birds of each treatment were taken to perform slaughter test. The studied carcass traits were carcass, heart, gizzard, giblets and total edible parts were liver and abdominal fat percentages. Blood samples of slaughtered broilers were used to estimate the following blood parameters total protein, albumin (A), globulin (G), A/G, cholesterol, triglycerides, creatinine, AST (aspartate transaminase), ALT (alanine transaminase), RBC (red blood cells), Hb (hemoglobin), Ht (heamatocrite), MCV (mean corpuscular volume), WBC (white blood cells), and electrolytes  (Na+, K+, Ca+ and Cl-). Economical benefits were calculated. Statistical analysis was conducted using GLM procedure of SAS Software [20].  

Table 1. Composition and chemical analysis of the experimental diets

	Item
	Starter (0-3) weeks 
	Growing (3-6) weeks 

	Yellow corn 
	52.10
	61.10

	Soy bean meal 
	34.00
	27.00

	Fish meal (72%CP)
	5.00
	4.20

	Plant oil 
	6.00
	4.80

	Bone meal
	1.70
	1.70

	Lime stone 
	0.55
	0.55

	Sodium chloride 
	0.25
	0.25

	Vitamin mixture 
	0.30
	0.30

	Methionine 
	0.10
	0.10

	Calculated 
	100.0
	100.0

	Chemical analysis:

	Dry matter (DM %) 
	90.00
	90.10

	Organic matter (OM %)
	83.92
	83.77

	Crude protein (CP %)
	23.00
	20.00

	M. E. (Kcal/kg)
	3100
	3200

	Crude fiber %
	3.57
	3.27

	Nitrogen free extract (NFE %)
	48.59
	53.00

	Ash % 
	6.08
	6.33

	Calcium %
	1.01
	0.91

	Available ph %
	0.45
	0.41

	Lysine 
	1.30
	1.10

	Methionine 
	0.50
	0.50

	Cystine
	0.35
	0.32


Each 3 kg of Vit.-mineral mixture contain Vit. A 10000000 IU, Vit D3 1000000 IU, Vit. E 10 g,Vit. K3 1g, Vit. B1 1g, Vit. B2 4.0 g, Vit. B6 1.5 g, Nicotine acid 20 g, pantothenic acid 10 g, Vit. B12 0.01 g,Biotin 0.05 g, Folic acid 30 g, Choline Chloride 50 g, Iron 30 g, Manganese 40 g, Copper 3 g, Iodine 0.45 g, Zinc 45 g and Selenium 0.1 g.

Table 2. Average weekly environmental temperature and relative humidity during experimental periods

	Exp.

 weeks
	 Temperature ºC
	Relative humidity %

	
	Min.
	Max.
	Average
	Min.
	Max.
	Average

	3rd week 
	29.05
	33.08
	31.07
	70.20
	73.20
	71.70

	4th week 
	29.11
	33.11
	31.11
	70.11
	71.12
	70.62

	5th week 
	29.25
	33.00
	31.13
	71.16
	72.22
	71.69

	6th week 
	29.12
	32.90
	31.01
	73.21
	72.15
	72.68

	Average
	29.13
	33.00
	31.07
	71.17
	72.17
	71.67


Results and Discussion

Growth performance

Effect of studied water supplements (vitamin C, KCl, or NaHCO3) on growth traits of heat-stressed broilers is illustrated in Table 3. Results indicate that no significant treatment differences in initial live body weight at the beginning of the experiment were detected, indicating the effectiveness of the randomization procedure.

Significant treatment differences (P<0.05) in favor of each studied water supplements in final body weight  (FBW) and total weight gain (WG) compared with the control group were recorded, vitamin C group had the highest FBW and WG, while KCl and NaHCO3 were equally efficacious vs. the control treatment. Total feed consumption (3-6 week of age) was nearly equal for the studied group, while feed conversion ratios were improved as a result of supplements compared to the control group which recorded the worst feed conversion ratio.

The improvements in total weight gain and feed conversion ratio recorded with vitamin C supplementation in the present study, generally, are in agreement with those reported by Pardue et al. [4], Njoku [21] and McKee and Harrison [12]. The improved weight gain and feed conversion ratio due to vitamin C had been interpreted in different ways, Ahmed et al. [22] correlated the beneficial effects of vitamin C supplementation to diets to the increase in oxygen consumption associated with vitamin C supple-mentation. Pardue and Thaxton [10] have suggested that vitamin C influences the synthesis of corticosterone that causes a reduction in growth rate of stressed broilers and negatively affects immune system. Shoukry [11] found that supplemental vitamin C decreased body temperature and enhanced thermo regulation of heat-stressed broilers.

Improvements in growth performance recorded with KCl supplementation agree with those reported by Teeter and Smith [23], Smith and Teeter [5], Deyhim and Teeter [24] and Osman [17] who reported that KCl managed to improve growth performance of thermally stressed broilers. They attributed the beneficial effect of supplemental KCl to increased water consumption over the control which work as heat sink for broiler body heat, hence could combat heat stress. On the other hand, Ait-Boulahsen et al. [6] suggested that the beneficial effect of KCl on growth rate may not be attributed to K+ alone (severely depleted under heat stress), but Cl​​​- may be involved.

 Concerning NaHCO3 supplementation to drinking water of summer-raised broilers, results of the current study are in line with those reported by Balnave and Oliva [15], Balnave and Gorman  [25], Abdel-Samee [16], Lon and Cardenas [26] in that growth rate and feed efficiency were improved as consequences of NaHCO3 supplementation to either feed or water of heat stressed broiler. The beneficial effects on growth rate of adding NaHCO3 to heat-stressed broilers may be resulted from the effect of HCO3- ions [25] or partially due to increased water consumption acting as heat sink [16, 25]. 

Economical evaluation

Table 3 reveals that supplements studied were of economical value and that vitamin C, NaHCO3 and KCl had improved the relative net revenue by 8.0, 7.0 and 2.5% respectively compared with the control group. It is advantageous to incorporate such studied supplements when broilers are subjected to heat stress conditions.

Table 3. Growth performance and economical evaluation of birds to vitamin C, potassium  chloride and sodium bicarbonate supplementation in drinking water

	Item


	Control
	Vitamin C
	Potassium 

chloride
	Sodium 

bicarbonate
	Sig.1

	Initial body weight (g) 
	443±7
	439±9
	437±7
	439±8
	NS1

	Final body weight   (g) 
	2119 b ±53 
	2256 a2 ±49 
	2205 a ±41
	2210a±42
	*

	Total weight gain  (g) 
	1676 b ±41
	1817 a ±42 
	1768 a ±45 
	1771 a ±43 
	*

	Average total feed consumption (g) 
	3500
	3550
	3400
	3450
	

	Average feed conversion ratio (feed/gain) 
	2.09
	1.95
	1.92
	1.95
	

	Feed cost (US$3/kg)
	0.32
	0.32
	0.32
	0.32
	

	Total feed cost4/broiler (US$)
	1.12
	1.14
	1.09
	1.10
	

	Total water supplement

 cost (US$)
	0.00
	0.08
	0.15
	0.05
	

	Total cost/broiler (US$) 
	1.12
	1.22
	1.24
	1.15
	

	Selling price of 1 kg live body weight
	1.86
	1.86
	1.86
	1.86
	

	Selling revenue5 (US$) 
	3.12
	3.38
	3.29
	3.29
	

	Net revenue6 US$
	2.0 
	2.16  
	2.05 
	2.14 
	

	Relative net revenue
	100.0 
	108.0 
	102.5
	107.0 
	


1) * = significant at P < 0.05, NS = not significant.

2) a,b = means with different letters in the same row are significantly different at 5%.

3) (US$) = United States dollar                                        

4) Feed cost = number of kg feed per chick during 3-6 weeks of age (  price of kg feed.

5) Selling revenue = body weight gain per chick ( price of kg for live body weight 

6) Net revenue-difference between selling revenue and total cost
Carcass traits

Results of carcass traits are presented in Table 4. They indicate no significant treatment differences for all studied carcass traits  (percentages of carcass, heart, liver, gizzard, giblets, neck and total edible parts and abdominal fat). Results obtained with vitamin C and KCl supplementation are in accordance with that reported by Shoukry [7] who found that carcass (%), neck (%) and total edible parts (%) were higher and that abdominal fat (%) was lower with heat-stressed broiler supplemented 0.3 % KCl/litter water or 1.0 g vitamin C/kg diet compared with the control. Also, the present results agree with that previously reported by Njoku [21] who found that carcass (%) was higher, while liver (%) was lower in heat-stressed broilers fed diet supplemented with different levels of vitamin C (100-600mg/kg diet). The increase in carcass (%) of vitamin C supplemented-group could be attributed to the fact that vitamin C suppresses the corticosterone metabolism which may lead to reduce the catabolism of body tissues and cytotoxic effect of corticosteriods under stress [4, 7]. Likewise, the results agree with that reported by Whiting et al. [27] that NaHCO3 did affect carcass dressing of heat-stressed broilers.    

Table 4. Effect of vitamin C,  potassium chloride and sodium bicarbonate supplementation in drinking water on carcass traits of broilers*

	Treatment



	Traits
	Control
	Vitamin C
	Potassium chloride
	Sodium bicarbonate

	Carcass %
	70.38± 0.52
	71.92 ± 0.71
	71.14± 0.65
	70.5 ± 0.68

	Liver %
	2.75 ± 0.19
	2.47 ± 0.21
	2.25 ± 0.17
	2.31 ± 0.22

	Heart %
	0.44 ± 0.03
	0.50 ± 0.02
	0.51 ± 0.03
	0.49 ± 0.02

	Gizzard %
	1.91 ± 0.11
	1.96 ± 0.09
	2.42 ± 0.13
	2.31 ± 0.12

	Total giblets %
	5.10 ± 0.25
	4.93 ± 0.24
	5.18 ± 0.26
	5.11 ± 0.23

	Neck % 
	2.85 ± 0.14
	3.10 ± 0.15
	3.24 ± 0.12
	3.18 ± 0.13

	Tot. edible %
	75.48 ± 0.43
	76.85 ± 0.52
	76.32 ± 0.51
	75.61 ± 0.49

	Abdominal fat % 
	1.36 ± 0.21
	1.17 ± 0.19
	1.13 ± 0.18
	1.10 ± 0.21


* Each od studied carcass traits were insignificantly affected.

Blood constitutes 

Table 5 shows that of the studied blood parameters (total protein, albumin (A), globulin (G), A/G, cholesterol, triglycerides, creatinine, AST, ALT, RBC, WBC, Hb, Ht, MCV, and electrolytes (Na+, K+, Ca+ and Cl-)) only WBC counts were significantly (P<0.05) increased as a result of water treatment with supplements applied when compared with the control group. In line with the present results, Shoukry [11] found that plasma total protein and albumin were higher in heat-stressed broilers fed diet supplemented with 1.0 g vitamin C/kg diet. The decrease in cholesterol concentration with vitamin C supplementation may be due to the mobilization of cholesterol of peripheral tissues (adrenals) to blood stream in heat-stressed broilers [4]. The significant increase in WBC counts with vitamin C supplementation may be due to its antioxidant property. It reasons to protect immature lymphocytes from damage by free radicals and inhibit biosynthesis and release of corticosterone [28]. Also,  Sahota et al. [29] reported that hemoglobin levels increased in birds supplemented with vitamin C under heat stress conditions. Again, in accordance with the current findings, Shoukry [11] found that plasma electrolytes (Na+, K+ and Ca+) of heat-stressed broilers drinking tap water supplemented with 0.3% KCl or others fed on diet supplemented 1.0 g vitamin C/kg did not significantly differ from the control. Arad et al. [30] and Shoukry [11] suggested that heat exposure with water availability did not result in any changes in plasma Na+, K+ and Ca+. They added that the dehydration associated with heat stress was responsible for changes in these electrolytes. According to Gangong [31] the increase in plasma K+ with NaHCO3 supplementation might be related the fact that bicarbonate would provide a source of hydrogen ion, which is positively correlated with plasma potassium.

Table 5. Effect of vitamin C, potassium chloride and sodium bicarbonate supplementation in drinking water on serum biochemical of broilers

	Treatment 

	Biochemical values 
	Control
	Vitamin C
	Potassium chloride
	Sodium bicarbonate
	Sig.

	Total protein (g/dl)
	2.9±0.4
	2.9±0.2
	2.9± 0.1
	2.9±0.2
	N S

	Albumin (g/dl)
	1.17±0.06
	1.29±0.09
	1.11±0.11
	1.24±0.12
	N S

	Globulin (g/dl)
	1.79±0.13
	1.64±0.12
	1.77±0.14
	1.71±0.13
	N S

	A/G
	0.65±0.02
	0.79±0.03
	0.63±0.02
	0.73±0.03
	N S

	Cholesterol (mg/dl)
	94.2±11.5
	89.3±8.5
	90.8±9.3
	88.4±7.8
	N S

	Triglycerides (mg/dl)
	60.2±14.3
	45.6±20.1
	49.5±23.2
	52.4±20.2
	N S

	Creatinine  (mg/dl)
	0.40±0.06
	0.46±0.13
	0.41±0.06
	0.48±0.07
	N S

	AST U/L
	  206±31
	200±25
	195±32
	206±23
	N S

	ALT U/L
	9.3±1.8
	7.7±1.2
	7.1 ± 0.9
	7.5±1.2
	N S

	RBC (10)6
	2.7±0.3
	2.8±0.2
	2.6±0.4
	2.5±0.3
	N S

	Hb (g/dl)
	13.1±1.1
	13.3 ±1.0
	13.1±1.5
	13.1±1.3
	N S

	Ht (%)
	31.5±3.1
	31.7±2.5
	31.43±3.49
	31.5±3.8
	N S

	MCV (U)3
	115±3.7
	118±4.7
	118 ±4.6
	118±4.5
	N S

	WBC (10)3
	76.3b±2.3 
	95.3a±3.1 
	93.1a±2.8 
	93.2a±2.6 
	*

	Na (mg/dl)
	151±3.5
	148±19.2
	148±3.7
	152±5.0
	N S

	K (mg/dl)
	13.9±0.2
	14.1±0.3
	16.4±0.4
	14.3±0.2
	N S

	Ca (mg/dl)
	9.1±0.1
	9.1±0.1
	9.0±0.2
	9.1±0.1
	N S

	Cl(mg/dl)
	115.8±2.4
	116.6±2.1
	114.4±2.1
	117.0±2.1
	N S


N.S.= not significant.

*= significant.

a,b = means with different letters in the same row are significantly different at 5%.
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تأثير إضافة فيتامين سى وكلوريد البوتاسيوم وبيكربونات الصوديوم لماء الشرب على أداء كتاكيت التسمين تحت ظروف الصيف في فلسطين
حـاتم الشنطي

قسم الإنتاج الحيواني، كلية الزراعة، جامعة الأزهر،

 غزة، فلسطين
(قدم للنشر في 1/8/1424هـ؛ قبل للنشر في 27/2/1425هـ)

ملخص البحث. أجريت تجربة ذات أربع معاملات لتقييم تأثير بعض إضافات الماء على أداء كتاكيت التسمين خلال فصل الصيف ( يوليو- أغسطس ) في فلسطين . في بداية الأسبوع الثالث من العمر تم توزيع عدد 200 كتكوت من سلالة عناق 2000 ذات أوزان متقاربة بالتساوي على المعاملات التالية:
1-ماء شرب بدون أي إضافات ( كنترول )، 2- ماء شرب مضاف إليه فيتامين سى بمعدل 1 جم / لتر ماء، 3-ماء شرب مضاف إليه كلوريد بوتاسيوم بمعدل 10 جم / لتر ماء، 4-ماء شرب مضاف إليه بيكربونات صوديوم بمعدل 10 جم / لتر ماء . استمرت الدراسة لمدة 4 أسابيع، كان العلف والماء والإضاءة خلالها متاحة باستمرار.  قيس أداء النمو، وبعض صفات الذبيحة، بعض قياسات الدم وكذلك الكفاءة الاقتصادية للإنتاج. 

أشارت النتائج إلى تحسن الوزن النهائي ومقدار الزيادة الكلية في وزن الجسم باستخدام الإضافات المستخدمة مقارنة مع معاملة الكنترول. ارتفعت النسب المئوية للذبيحة، والقلب، والقانصة، وأجزاء الأحشاء المأكولة وأجزاء الذبيحة المأكولة الكلية بينما انخفضت النسب الكلية لأوزان الكبد ودهن البطن بصورة غير معنوية مع استخدام الإضافات مقارنة مع مجموعة الكنترول. لم تختلف قياسات الدم المختلفة: البروتين الكلى، الألبومين ، الجلوبيولين نسبة الألبيومين إلى الجلوبيولين، الكولسترول، الجلسريدات الثلاثية، الكرياتنين، AST– Alt، عدد كرات الدم الحمراء، الهيموجلوبين، الهيماتوكريت ، -MCV  الإلكتروليتات ( صوديوم، بوتاسيوم، كالسيوم، كلور ) اختلافًا معنويا بين معاملات الدراسة فيما عدا كرات الدم البيضاء التي زادت معنويا مع إضافات الماء المستخدمة مقارنة مع مجموعة الكنترول. وقد رفعت الإضافات المستخدمة من العائد الاقتصادي وخاصة مع إضافة فيتامين سي مقارنة مع مجموعة الكنترول. 
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