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Abstract: A 6-week study was conducted to evaluate the effect of three different methods for ascorbic acid
(AA) supplementation on some productive and physiological performances of laying hens. Eighty (80), 4-
month old Bovan pullets of similar body weights were divided into four experimental treatments (A, B, C, and
D) of four replicates each in a completely randomized block design. Each replicate was subdivided into five
hens. Control treatment A contained no AA in both basal diet and drinking water. Treatment B contained
1,000 mg AA / kg diet- basal diet and AA-free drinking water. Treatment C contained 500 mg AA/ kg diet -
basal diet and 500 mg AA- drinking water. Treatment D contained AA-free basal diet and 1,000 mg AA-
drinking water. Body weight gain, feed conversion ratio (FCR), body temperature, total and differential
leucocyte counts and heterophils to lymphocytes ratio were investigated. Data were analyzed using analysis
of variance (ANOVA) and Duncan’s Multiple Range Test. Ascorbic acid supplementation had a significant
(p<0.05) positive effect on the body weight gain, body temperature and total leucocytes count compared to a
significant (p<0.05) negative effect on FCR. No significant treatment effect shown from supplementation of
AA on heterophils to lymphocytes ratio. Ascorbic acid supplementation with feed could improve bird
performances under optimum environmental or reduced body temperature.
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1. INTRODUCTION

Ascorbic acid (AA) or commonly known as Vitamin C is principally synthesized in the chicken’
kidneys (Melvin, 1977) compared to chemically isolated commercial AA (L-AA) which is a white
crystalline powder active in water (Abidin and Khatoon, 2013). As such no recommended AA
requirements established for poultry regimen (NRC, 1994). Nevertheless, AA supplementation is
imperative for the formation and maintenance of intracellular materials in the bones and soft tissues,
and it serves as a catalyst in healing processes (John and John, 1975).

High environmental temperature is challenging to laying hens during hot summer months (Ciftci et
al., 2005) and the ideal temperature for such layers was reported to be 20 °C (North and Bell, 1990).
Heat stress in laying hens begins when the ambient temperature reaches 25 °C and exceeds 30 °C
(Ciftci et al., 2005). Such high temperatures impose severe stress in layer birds (Ajakayie et al., 2011),
leading to oxidative stress associated with increased oxidative damage and lowered plasma
concentrations of antioxidant vitamins (Sahin et al., 2009) including vitamins: C and E (Sahin et al.,
2002; Ahamlu et al., 2016). Additionally, water soluble vitamins were found to have immunomo-
dulatory effects on heat stressed broiler chickens (Bashir et al., 1998). The heat stressed birds are
observed to spend less time for feeding, but more time for drinking water and resting, let alone a
panting phenomenon which is manifested by elevated wings (Mack, 2013).

Evidence has shown that heat stress reduces live weight gain, feed intake, eggs quality production,
and increases mortality (Bollinger-Lee et al., 1999). Moreover, heat stress decreases nutrients
utilization and feed efficiency, leading to economic losses in layer poultry (Mashaly et al., 2004;
Sahin et al., 2009). Furthermore, heat stress leads to a decrease in a total leucocytes count (Gross et
al., 1980) and an increase in the bird’s heterophils to lymphocytes ratio (Sigel, 1995; Post et al.,
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2003). As such nutritional intervention seemed to be imperative for sustainability of broilers rearing
during heat stress (Gous and Morris, 2005).

It is reported that AA supplementation could improve poultry performance when exposed to heat
stress (Mack, 2013; Jadhav et al., 2013). The demand for AA during heat stress increases but its
synthesis becomes insufficient to meet the bird’s requirement (Abidin and Khatoon, 2013; Ahamlu et
al., 2016). Absorption of AA occurs by both simple diffusion and active transport mechanisms that
may be affected by means and routes of AA supplementation including feed, water or injection,
among others (Savini et al., 2008).

Apparently, the performances of poultry in supplementation of AA as anti-heat stress under hot
environmental temperatures through different means or routes need an investigation. Therefore, this
study was designed to evaluate some productive and physiological performances of ready to lay
pullets supplemented with AA through feed, water, and both feed and water.

2. MATERIALS AND METHODS
2.1.Experimental Birds

A total of eighty (80) 4-month old Bovan pullets of similar body weights were maintained at 24.3-
37.7 °C in a-14 light/10 darkness hour schedule during hot summer months (August — September) for
six weeks. Feed and clean drinking water were provided ad-libitum.

2.2.Experimental Design

Birds were divided into four experimental treatments (A, B, C, and D) of four replicates each in a
completely randomized block design .Each replicate was subdivided into five hens raised in an open
management system using two layer battery cages. Basal diet, drinking water, and/ AA
supplementation were provided to each treatment as designed in Table (1).

Tablel. Experimental design of four treatments for Bovan pullets raised for six weeks

Experimental Treatment Basal diet , Drinking water, and/ AA supplementation
A AA- free basal diet AA- free drinking water
B 1,000 mg AA/ kg diet -basal diet | AA- free drinking water
C 500 mg AA / kg diet- basal diet 500 mg AA/ kg diet - drinking water
D AA- free basal diet 1,000 mg AA/ kg diet - drinking water.

2.3.Experimental Diet
A layer basal diet was prepared as shown in Table (2) and fed to the birds.

Table2. Components and chemical composition of basal diet for experimental Bovan pullets

Components Quantity (g/kg) Chemical composition Percentage (%)
Sorghum grains 650.0 Dry matter 95.10
Wheat brand 125.0 Crude protein 14.51
Groundnut cake 090.0 Ether extract 04.41
Super concentrate 050.0 Crude fiber 03.80
Marble dust 080.0 Ash 13.50
Vitamin and mineral premix 002.5 Calcium 03.42
Common salt 002.5 Phosphorus 00.76

2.4.Feed Intake and Body Weight

Feed intake and body weight were calculated as described by Ochi et al. (2015) and recorded initially
and weekly for six weeks. FCR was calculated as follows:

FCR=Feed intake (g/bird) ~ Body weight (g/bird)

2.5.Body Temperature (°C)
Daily body temperature was measured at noon using a clinical thermometer on cloacal mucosa.
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2.6. Total and Differential Leucocyte Counts

Total and differential leucocyte counts were undertaken at the end of the experiment. Three birds were
sacrificed randomly from each replicate and 2.0 ml whole blood drawn from wing vein in a
vacuotainer tube with anticoagulant. Blood samples for the TLC were diluted as described earlier by
Natt and Herrick (1952). Counting was made using hemocytometer. Giemsa stained blood smears
were prepared for differential leucocytic counts (Humason, 1972), emphasizing on heterophils and
lymphocytes.

2.7.Heterophils to Lymphocytes (H to L) Ratio
Heterophils to lymphocytes (H to L) ratio was calculated as follows:

H to L ratio = Heterophils/100 cells + Lymphocytes/100 cells

2.8. Statistical Analysis

Data were managed and analyzed using analysis of variance (ANOVA).Separation of differences
among the means was made using Duncan’s Multiple Range Test. Significance difference was taken
at p <0.05 level.

3. RESULTS AND DISCUSSION

The effects of different methods in AA supplementation on the performances of pullets (Table 3)
showed that the final body weight gain had a significant (p<0.05) treatment increase. The mean body
weight of the birds supplemented with AA in feed only (Treatment B) was significantly 10.10 g
higher than AA — supplementation in both feed and water (Treatment C). The AA non-supplemented
hens (Treatment A) significantly showed the least final body weight gain (828.4 g/bird) compared to
all other treatments including birds supplemented with AA in water alone (855.20 g/bird) in
Treatment D. The improvement in the body weight gain of AA supplemented hens could be explained
by the fact that AA supplementation enhances growth rate of the birds associated with reduction in
body temperature (Oluyemi, 1979). This reflects the efficiency of AA as anti-heat stress, as such the
best performance in body weight gain is associated with higher feed intake that induced by AA
supplementation.

FCR showed a significant (p<0.05) negative effect of AA supplementation on feed utilization
efficiency. It seems that there is no clear explanation to justify the poor FCR associated with AA
supplemented birds. However, such a ratio might express indirectly the convert cost of maintaining
birds under approximately normal physiological body status. Supplementation of 250 mg of AA per
kg of feed was found to be optimum to improve feed intake, body weight gain, feed efficiency, egg
production and quality, nutrient digestibility, immune responses and antioxidant status in poultry birds
(Khan et al., 2012).

The mean body temperature showed a significant (p<0.05) treatment decrease (41.53 °C) in the birds
supplemented with AA in feed only compared to birds supplemented with AA in both feed and water
(41.56 °C). Moreover, the latter experienced lower body temperature compared to birds supplemented
with AA in water only (41.59 °C) or those exposed to the basal diet, which reflected the highest body
temperature (42.13 °C ). Nevertheless, the birds supplemented with AA dissipated more heat and
maintained significantly lower body temperature compared to the control group. It seemed that the
ambient temperature ranged between 24.3- 37.7 °C during the study had caused insufficient synthesis
and increased demand for AA by non-supplemented hens (Abidin and Khatoon, 2013 ; Ahamlu et
al., 2016). However, Ait -Boulahsen et al. (1995) found that Potassium chloride could improve the
thermotolerance of chickens exposed to acute heat stress. Supplementation of sodium bicarbonate in
the poultry diet could improve eggshell quality at high temperatures (Balnave and Muheereza , 1997).
On the contrary, Hayat et al. (1999) reported that Sodium bicarbonate and potassium bicarbonate
supplements for broilers could cause poor performance at high temperatures. The disparity might be
related to the different purposes of poultry production.
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Nevertheless, the significant reduction in body temperature of AA supplemented hens and the
exceeding drop in temperature of the birds supplemented with AA in the basal diet compared to the
rest of groups, suggesting that the absorption of the AA in the intestines and its utilization by the
tissues differ based on the means of supplementation. Pardue et al. (1984) confirmed that with
increased AA intake using water, the absorption and utilization of AA by chicken could be reduced
due to excessive renal excretion of AA.

Total leucocytes count (TLC) among the birds supplemented with AA were more or less similar but
significantly (p<0.05) higher compared to control group (Treatment A). The reduction in the TLC in
control group seemed to be due to heat stress which could deplete the level of the indigenous AA
(Gross et al., 1980). However, such a reduction in the TLC was previously documented as an
important stress indicator (Wolford and Ringer, 1962). Heterophils to lymphocytes ratio showed no
significant treatment effect despite that the H to L ratios of AA supplemented birds were lower
(0.344, 0.349, and 0.350) compared to control group. The highest value (0.353) of heterophils to
lymphocytes ratio shown in control group could be a reliable indicator of heat stress as evaluated and
confirmed by Gross and Siegel (1983) and Post et al. (2003).

Table3. Productive and physiological performances of Pullets influenced by supplementation of Ascorbic Acid

Treatments

Parameters A B C D Probability SEM
Initial body weight (g/bird) 783.60 780.20 | 779.70 779.60 - -
Final body weight (g/bird) 828.40¢ 872.10: | 862.00* | 855.20¢ * 7.240
Feed intake(g/bird) 1656.80 | 1918.60 | 1896.40 | 1881.40 - -
Feed conversion ratio
(g feed/g body wt./ bird)! 2.002 2.274 2.20 2.22¢ * 0.330
Body temperature(°c) 42.134 41.53® 41.56b¢ 41.59¢ * 0.025
Total leukocyte count
(1000 cell/mm? blood)? 23,000¢ | 28,000 | 28,0332 | 27,833¢ * 0.330
Heterophils /lymphocytes (Ratio) 0.353 0.344 0.349 0.350 NS 0.013

- Values are means of four replicates of five birds each.

2- Values are means of four replicates of three birds each.

b ¢ d. Means not sharing common superscript letters within a raw are significantly different at 5% level.
*- Significant difference (p<0.05)

NS- None significant

SEM - Standard error of means

4. CONCLUSION

Ascorbic acid supplementation had significant positive effect on the final body weight gain, body
temperature and total leukocytes count. Feed conversion ratio and Heterophils to lymphocytes ratio
showed no significant treatment effects. Ascorbic acid supplementation could be utilized to
sustainably improve the productive and physiological performances of birds when exposed to
optimum heat stress.
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