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A B S T R A C T  

This study investigates the effects of adding vitamin C and E to the drinking water on carcass 

characteristics, meat quality and intestinal microflora populations in broiler chickens during the 10-

h pre-slaughter feed withdrawal (FW) period. As study materials, forty male broilers at the age of 42 

days were used. The broilers were randomly divided into four groups: Control (non-vitamin, NV), 

vitamin C (1000 mg/L, VC), vitamin E (500 mg/L, VE) and vitamin combination (1000 mg/L 

VC+500 mg/L VE, VCE). In the study, vitamin additions didn’t affect carcass characteristics, 

visceral weights and the pH values of the digestive system (P>0.05). The addition of VC and VE 

increased the weight of the Bursa of Fabricius, and the addition of VE increased the weight of thymus 

(P<0.05). Additions of vitamin decreased tendency of carcass contamination (P<0.01) and increased 

pH45min and pH24h of thigh meat and pH24h of breast meat (P<0.05, P<0.01, P<0.01, respectively). 

While a* color intensity of breast and thigh meat increased with all vitamin supplements, L* and b* 

values of thigh meat decreased (P<0.01). Vitamin supplements, especially VE, reduced the drip loss 

of breast and thigh meat (P<0.05) and the pathogenic microorganism populations of intestinal 

contents (P<0.01). As a result, it is thought that the addition of 500 mg/L vitamin E to the drinking 

water of broiler chickens exposed to the pre-slaughter fasting period will be beneficial to improve 

meat quality and reduce intestinal pathogenic microorganism load. However, more extensive 

experimental studies are needed. 
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1. Introduction 

The quality of chicken meat, which has an important place 

in meeting animal protein needs all over the world, is affected 

by pre-slaughter management. The pre-slaughter management, 

which covers all the activities and processes that the broilers are 

exposed to pre-slaughter, begins with the feed withdrawal 

(FW). The pre-slaughter FW is done to reduce the content of 

the digestive system and to prevent fecal contamination and 

carcass contamination during transport and slaughter (Petrolli 

et al., 2016). It has been reported that the 10 h pre-slaughter FW 
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period is sufficient to maintain the balance between weight loss, 

meat quality and carcass contamination (Xue et al., 2021). 

However, taking longer pre-slaughter processes causes stress to 

the broiler chickens, negatively affecting both animal welfare 

and meat quality and causing economic losses (Pan et al., 

2018). Oxidative stress occurring before slaughter can lead to 

poor meat quality by promoting oxidative reactions in meat 

after slaughter (Nawaz & Zhang, 2021), oxidizing lipids and 

proteins, causing undesirable changes in sensory properties 

such as color, taste, texture, and nutritional value (Attia et al., 
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2017; Mazur-Kuśnirek et al., 2019). Therefore, the oxidative 

state of broiler chickens during slaughter is very important for 

quality poultry meat production (Zeferino et al., 2016; Pan et 

al., 2018).  

There is a good balance in the intestinal bacterial flora of 

healthy animals (Yadav & Jha, 2019). However, it is reported 

that stress-causing factors such as transportation (Bello et al., 

2018), stocking density (Yu et al., 2021), environmental 

temperature (Calik et al., 2022) and fasting (Kayan & Açıkgöz, 

2020; Xue et al., 2021) can disrupt this balance 

(Wickramasuriya et al., 2022). Stress, which weakens 

immunity in chickens, can activate certain pathogenic 

microorganisms suppressed in the gut (Zhao et al., 2017; 

Mishra & Jha, 2019), causing a disruption of the floral balance 

(Burkholder et al., 2008) and a devastating effect on the 

intestinal immune barrier (Zhao et al., 2017). Burkholder et al. 

(2008) reported that broiler chickens exposed to pre-slaughter 

FW (24 hours) or heat stress (HS, 30 °C) increased their 

susceptibility to intestinal pathogens. Nawaz and Zhang (2021) 

pointed out that stress stimulates intestinal bacteria by affecting 

intestinal epithelial cells.  

The fact that the maintenance and management conditions 

such as FW, catching and transportation applied to the broilers 

in the pre-slaughter period are suitable for animal welfare affect 

the taste and quality of the meat positively (Pan et al., 2018). 

Therefore, studies have recently focused on identifying 

effective ways to reduce the pre-slaughter stress response of 

broilers and improve post-slaughter meat quality and gut 

microbiota (Karacay et al., 2008; Kop‐Bozbay & Ocak, 2015; 

Petrolli et al., 2016). It is well known that endogenous 

antioxidant factors such as vitamin C and vitamin E reduce 

some adverse effects caused by oxidative stress (Attia et al., 

2017). It has been reported that vitamin C is effective in 

relieving multiple stress factors with its immunomodulatory, 

antimicrobial and strong antioxidant properties (Gan et al., 

2020).  

It has been reported that the addition of vitamin E, which is 

a powerful antioxidant, antimicrobial and immune system 

supporter (Dalia et al., 2018; Calik et al., 2022), to broiler diets 

slows down oxidative stress, reduces drip loss, and improves 

meat quality (Souza et al., 2007; Attia et al., 2017; Ghasemi-

Sadabadi et al., 2022). Vitamin C and vitamin E, which have 

strong antioxidant properties, are reported to have a synergistic 

effect in reducing the negative effects of stress (Attia et al., 

2017). There are limited studies evaluating the effects of adding 

vitamin C and vitamin E alone or in combination to chicken 

diets on pre-slaughter multiple stress. This study was carried 

out to investigate the effects of 1000 mg/L vitamin C (VC), 500 

mg/L vitamin E (VE) and 1000 mg/L vitamin C +500 mg/L 

vitamin E (VCE) supplementations into drinking water during 

the 10 h pre-slaughter feed withdrawal period on slaughter 

characteristics, meat quality and intestinal microflora 

populations of male broiler chickens. 

2. Materials and Methods 

2.1. Animals and Experimental Design 

40 healthy male broiler chicks, aged 42 days, obtained from 

a commercial enterprise, were randomly divided into 4 

treatment groups, each of which was housed in an individual 

compartment. These are follows; NV (non-vitamin): birds were 

given drinking water during the 10 h fasting period, VC: birds 

were given drinking water with 1000 mg/L VC during the 10 h 

FW period, VE: birds were given drinking water with 500 mg/L 

VE during the 10 h FW period, and VCE: birds were given 

drinking water with 1000 mg/L VC+ 500 mg/L VE during the 

10 h fasting period. In the study, artificial light and ad-libitum 

water were provided to the chickens during the 10-hour fasting 

period (from 22:00 in the evening to 08:00 the next day). Feed 

withdrawal time was planned individually for each broiler so 

that the pre-slaughter fasting period did not exceed 10 hours 

(Xue et al., 2021). The determined amounts of vitamins 

obtained from a commercial company were added to the water 

that the broilers would drink in 10 hours (Aviagen, 2009). 

2.2. Sample Collection and Determination of 

Parameters 

In broiler chickens sacrificed by cervical dislocation 

method, the weights of carcass, thigh meat, breast meat and 

visceral organs were relatively calculated by dividing live 

weight. pH values of the crop, proventriculus, gizzard, meat and 

intestine were measured with a calibrated pH meter (MARTINI 

Mi 150 pH / Temperature Laboratory Bench Meter) with buffer 

solutions of 4.00, 7.00 and 10.00 (Ohkawa et al., 1979). Two 

different pH values for breast and thigh meat, 45 minutes 

(pH45min) and 24 h after death (pH24h), were measured 3 times 

in 3 locations, and the average values were taken as the final 

result. The pH decline within 24 h after slaughter was 

calculated as a percentage (Pan et al., 2018). 

pH decline (%) = [(pH45min – pH24h)/pH45min] x 100      (1) 

To detect drip loss, breast and thigh fillets (approximately 5 

cm×3 cm×2 cm) were weighed after cutting (W1), hung in a 50 

mL cold storage tube at 4°C for 24 h, and the surface liquids 

were wiped off and reweighed (W2). Drip loss was calculated 

as a percentage of weight loss during storage (Xue et al., 2021). 

Drip loss (%) = [(W1–W2)/W1] x 100                              (2) 

Color intensities (L*, a* and b*) in breast and thigh meats 

were determined using a Konica Minolta colorimeter (Chroma 

Meter, CR-400, Minolta Konica, Japan). Color intensities were 

determined according to the specifications given by the 

International Commission on Illumination CIELAB 

(Commission Internationale de I'e Clairage) based on three-

dimensional color measurement (CIE, 1986). According to 
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these criteria; L* (=0 black, =100 white (darkness/lightness)), 

a* (= +60 red, = -60 green) and b* (= +60 yellow, = -60 blue) 

indicate different color intensities. The colorimeter was 

calibrated using a special whiteboard before measurement, and 

the tip of the measuring head was placed flat on the middle 

surface. Measurements from 3 different sessions were averaged 

for each sample. For the microbiological analysis of the 

contents of the small intestine, the samples taken from 4 

animals from each group in sterile conditions were stored at –

80ºC until the day of analysis. Total mesophilic aerobic bacteria 

(TMAB) and Coliform (Harrigan, 1998), E. coli (ISO 16649-2, 

2001) and Salmonella spp. (Andrews & Hammack, 2011) 

populations were determined in the microbiology laboratory. 

Table 1. Contamination tendency scale (Xue et al., 2021). 

Grade Volume of feces excretion (ml) 

0 

1 

2 

3 

4 

5 

0 

0-2 

2-4 

4-6 

6-8 

>8 

Contamination tendency was assessed and subjectively 

recorded in slaughtered animals after peeling and plucking, 

before dissection. After the chickens were pressed 3 times in a 

row by applying a uniform force on the abdomen, faecal 

shedding was observed by three observers, with a value of 0 

indicating no faecal discharge, and a value of 5 denoting 

maximum faecal discharge, evaluated with a scale numbered 

from 0 to 5 (Table 1). The mean of these observations was 

determined as the contamination tendency. 

2.3. Statistical Analysis 

The data obtained from the study were analyzed with the 

“Statistical Package for Social Sciences” (IBM SPSS Statistic 

25) statistical program. One-way analysis of variance 

(ANOVA) was applied to determine the statistical calculations 

of carcass characteristics, meat quality, digestive system pH 

and intestinal microflora and the importance of the difference 

between the mean values of the groups. Duncan's multiple 

comparison test was used to control the significance of the 

difference between the groups. Differences between groups in 

intestinal Salmonella spp. were evaluated with the “chi-square 

test” and a P<0.05 level was considered statistically significant. 

3. Results and Discussion 

3.1. Carcass Characteristics and Visceral Weights 

Table 2 shows that the addition of vitamins to the drinking 

water of broilers exposed to pre-slaughter FW period has no 

effect on carcass characteristics and some visceral weights. The 

results of previous studies (Rathgeber et al., 2007; Karacay et 

al., 2008; Kop-Bozbay & Ocak, 2015; Petrolli et al., 2016; 

Güler et al., 2019) and current study results were similar. On 

the other hand, Kayan and Açıkgöz (2020) reported that the 

addition of 0.1% mixed organic acid into drinking water during 

the 6 or 12 h pre slaughter FW period reduced carcass and 

breast meat yield and thigh weight. It has been reported that the 

addition of VC (200 mg/kg), VE (100 mg/kg) or VCE to HS-

administered chicken diets did not affect liver and heart 

weights, but the addition of VE increased the weight of carcass 

and abdominal fat (Attia et al., 2017). Zeferino et al. (2016) 

reported that the addition of VC (257 to 288 mg/kg) and VE (93 

to 109 mg/kg) did not affect carcass, thigh and breast yields and 

abdominal fat, heart and liver weights in chickens under HS, 

similar to the results of the present study. Also, Yu et al. (2021) 

determined that the addition of 200 mg/kg VC to chicken diets 

under high stocking density (HSD) stress did not affect breast 

meat yield. It has been reported that the addition of 250, 500 

and 1000 g/ton VC + citric flavonoids did not affect the yield 

of carcass, breast, thigh and abdominal fat in chicken diets 

under HS (Peña et al., 2008), and that the addition of 100 and 

200 mg/kg VE to carcass, heart, liver and does not affect 

abdominal fat yield (Mazur-Kuśnirek et al., 2019). 

Table 2. The effect of adding vitamin to the drinking water during the pre-slaughter FW period on carcass characteristics and visceral 

weights of broiler chickens (% of live body weight). 

Parameters (%, BW) 
Treatment Groups 

NV VC VE VCE Average p-value 

Hot dressing 71.58±0.31 70.98±0.29 71.67±0.24 71.67±0.53 71.47±0.18 0.470 

Cold dressing 71.00±0.33 70.61±0.31 71.27±0.24 71.37±0.50 71.06±0.18 0.449 

Thigh dressing  26.64±0.42 26.44±0.58 26.06±0.21 26.90±0.39 26.51±0.21 0.553 

Breast dressing 22.67±0.39 22.48±0.62 21.93±0.47 23.31±0.66 22.59±0.275 0.371 

Heart 0.43±0.00 0.44±0.01 0.44±0.01 0.44±0.01 0.44±0.06 0.667 

Kidney 0.03±0.00 0.02±0.00 0.02±0.00 0.03±0.00 0.03±0.00 0.224 

Abdominal fat 1.41±0.06 1.47±0.05 1.43±0.06 1.53±0.08 1.46±0.03 0.610 

Liver 1.82±0.03 1.72±0.06 1.81±0.06 1.76±0.06 1.78±0.03 0.547 

Spleen 0.103±0.00 0.105±0.01 0.106±0.00 0.114±0.01 0.107±0.00 0.556 

Bursa fabricus  0.40±0.00c 0.50±0.00b 0.62±0.00a 0.45±0.00bc 0.49±0.02 0.000 

Thymus 0.05±0.00b 0.05±0.00b 0.07±0.00a 0.06±0.01b 0.06±0.00 0.020 

NV, Non vitamin-Control; VC, 1000 mg/L water Vitamin C; VE, 500 mg/L water Vitamin E; VCE, Combination of VC (1000 mg/L water) and VE 

(500 mg/L water). a-c; Means in the same row with different superscripts differ significantly (P < 0.05). Values are given as mean±standard deviation. 
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In this study, bursa weight increased with both VC and VE 

additions (P<0.01), while thymus weight increased only with 

VE addition (P<0.05) (Table 2). It was reported that adding 200 

mg/kg Vit C or 300 mg/kg Vit E to the broilers diets reared 

under HS (Gharieb & Moursi, 2013), 125 mg/kg Vit E 

(Habibian et al., 2014) increased the weights of thymus and 

bursa, similar to current study results. In another study, it was 

reported that VE supplementation at 100 and 200 mg/kg did not 

affect the weight of the thymus but increased the weights of the 

bursa and spleen in chickens reared under thermoneutral (TN) 

conditions (Singh et al., 2006). On the other hand, Niu et al. 

(2009), Dalia et al. (2018) and Attia et al. (2017) reported that 

the addition of different doses of VC or VE to broiler diets did 

not affect thymus and bursa weights, contrary to the current 

study. Regarding the effects of VC and VE additions on the 

weights of the lymphoid organ thymus and bursa, the reason for 

the discrepancy between the results of the present study and 

other studies is not yet fully understood. However, it has been 

reported that lymphoid organ weights can be a reliable indicator 

of stress (Rosales, 1994) and that stress can cause lymphoid 

organ atrophy (Moberg, 2000). In this context, it is thought that 

the addition of VE and VC with antioxidant effects to the 

drinking water of chickens found in the pre-slaughter FW 

period may be effective in suppressing stress by affecting 

lymphoid organ weights. It has been reported that the addition 

of VE in poultry increases the T-helper/T-cytotoxic lymphocyte 

ratio and the percentages of T-helper lymphocytes in the spleen 

and thymus (Erf et al., 1998) and improves the immune 

response in rats (Moriguchi et al., 1993). 

3.2. Meat Quality 

The effects of VC, VE or VCE additions to drinking water 

during the 10 h pre-slaughter FW period on thigh and breast 

meat quality characteristics are shown in Table 3. The additions 

of vitamin increased the pH45min and pH24h values of thigh meat 

(P<0.05, P<0.01, respectively) but did not affect the pH decline 

rate (P>0.05). Addition of VC, VE or VCE to the drinking water 

of broilers during pre-slaughter FW period resulted in 

decreased thigh meat L* and b* color intensities and drip loss, 

and increased a* color intensity (P<0.01). With the results of 

this study, Lin et al. (2007), Serdaroğlu and Öztürk (2011), 

Güler et al. (2019) and Pan et al. (2018) reports are compatible. 

In poultry production, stress caused by various environmental 

factors during pre-slaughter accelerates post-slaughter 

glycolysis and leads to lactic acid accumulation, thereby 

reducing meat pH (Lin et al., 2007). The decrease in meat pH 

initiates protein denaturation, which has an effect on the color 

and water holding capacity of the meat, resulting in pale and 

low water holding capacity meat production (Serdaroğlu & 

Öztürk, 2011). This condition is called pale, soft and juicy 

(pale, soft and exudative; PSE) meat (Barbut, 1998).  

Table 3. The effect of adding vitamin to drinking water during the pre-slaughter FW period on meat quality of broiler chickens. 

Parameters 
Treatment Groups 

NV VC VE VCE Average p-value 

Thigh meat 

pH45min  6.16±0.06b 6.28±0.03a 6.32±0.06a 6.31±0.02a 6.27±0.02 0.016 

pH24h  5.67±0.03b 5.84±0.04a 5.89±0.03a 5.88±0.02a 5.82±0.02 0.000 

pH decline (%) 7.90±0.61 7.01±0.76 6.77±0.37 6.88±0.43 7.14±0.28 0.483 

L* 50.49±0.25a 48.84±0.31b 48.41±0.87b 46.65±0.27c 48.60±0.32 0.000 

a* 4.01±0.10c 4.71±0.12b 5.49±0.22a 5.62±0.08a 4.96±0.12 0.000 

b* 7.98±0.18a 6.15±0.20b 5.54±0.30b 5.67±0.24b 6.33±0.19 0.000 

Drip loss (%)  7.67±0.27a 6.53±0.47b 5.76±0.29b 6.44±0.44b 6.60±0.21 0.010 

Breast meat 

pH45min 6.10±0.03 6.18±0.04 6.21±0.02 6.19±0.03 6.17±0.02 0.057 

pH24h 5.76±0.03b 5.86±0.03a 5.91±0.03a 5.86±0.03a 5.85±0.02 0.007 

pH decline (%) 5.63±0.37 5.14±0.49 4.93±0.26 5.27±0.48 5.24±0.20 0.677 

L* 47.74±0.56 48.01±0.52 48.65±0.18 48.07±0.61 48.12±0.25 0.628 

a* 2.56±0.18b 4.02±0.23a 3.82±0.17a 3.53±0.39a 3.48±0.15 0.001 

b* 6.22±0.26a 5.48±0.18b 5.68±0.10b 6.27±0.18a 5.91±0.11 0.010 

Drip loss (%) 6.26±0.30a 5.34±0.41b 4.57±0.26b 4.91±0.27b 5.27±0.18 0.04 

NV, Non vitamin-Control; VC, 1000 mg/L water Vitamin C; VE, 500 mg/L water Vitamin E; VCE, Combination of VC (1000 mg/L water) and VE 

(500 mg/L water). a-d; Means in the same row with different superscripts differ significantly (P<0.05). Values are given as mean±standard error. 

 

In this study, it was found that vitamin supplements increase 

the pH values of thigh meat, decrease drip loss and improve the 

a* color parameter, which is consistent with the reports of 

Souza et al. (2007) and Serdaroğlu and Öztürk (2011). On the 

other hand, the results of the current study on the color density 

and pH values of thigh meat differ from the results of Imik et 

al. (2012), Kop-Bozbay and Ocak (2015) and Karacay et al. 

(2008). It is thought that the reason for this situation is due to 

the different types and doses of additives added to the drinking 

water of chickens. 
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Additions of vitamin to drinking waters of broilers during 

the 10 h pre-slaughter FW period did not affect breast meat 

pH45min, pH decrease rate and L* color intensity (P>0.05), but 

pH24h and drip loss decreased (P<0.01, P<0.01, respectively) 

(Table 3). Breast meat’s a* color intensity increased with all 

vitamin supplements (P<0.01), while b* color intensity 

decreased with VC and VE (P<0.01). These results are 

consistent with the results of Petrolli et al. (2016) and Kop-

Bozbay and Ocak (2015). While Petrolli et al. (2016) reported 

that the addition of 200 mg/L VE to the water of broilers during 

the 12 h pre-slaughter FW period did not affect the L* value of 

breast meat, Kop-Bozbay and Ocak (2015) reported that 

addition of 3 g/L glucose, sucrose to the drinking water during 

the 10 h pre-slaughter FW period did not affect the pH1h and L* 

values of breast meat, but the a* color intensity increased by 

addition of starch. On the other hand, the results of the present 

study are partially compatible with the results of Zhang et al. 

(2022) and Karacay et al. (2008). It is reported that the addition 

of guanidineacetic acid to the drinking water of broilers 

exposed to transportation stress for 3 hours after the 8-hour pre-

slaughter FW period did not affect the breast meat’s pH45min and 

a* and b* color densities, but increased pH24h and decreased L* 

color density and drip loss (Zhang et al., 2022), and the addition 

of sucrose to drinking water during the 10 h pre-slaughter FW 

period  did not affect the breast meat’s L* and b* color 

intensities, but increased the a* value (Karacay et al., 2008). In 

addition, there are studies reporting that the addition of different 

levels of VC, VE or VCE to chicken diets under stress has no 

effect on breast meat’s pH and color parameters (Peña et al., 

2008; Zeferino et al., 2016; Attia et al., 2017; Mazur-Kuśnirek 

et al., 2019; Yu et al., 2021). However, Imik et al. (2012) 

reported that VC addition decreased breast meat’s pH and a* 

value and increased L* and b* values, while Zhang et al. (2013) 

reported that VE addition decreased L* and b* color intensity 

and increased a* value. It was reported that the quality defect 

PSE can be determined by examining pH24h values lower than 

5.8 and L* values higher than 52 together (Barbut, 1998). 

Accordingly, it can be said that the incidence of PSE meat is 

low since the pH24h values of thigh and breast meat detected in 

all vitamin supplemented groups in the current study were 

above 5.8 and L* values were below 52. The results of the 

current study, which found that breast meat’s drip loss was 

reduced, were similar with the results of Mazur-Kuśnirek et al. 

(2019), but different from the results of Peña et al. (2008), 

Zeferino et al. (2016) and Zhang et al. (2013). 

3.3. Digestive System pH, Intestinal Microflora and 

Contamination Tendency 

It was determined that the addition of VC, VE and VCE to 

the drinking water of broilers during the pre-slaughter FW 

period did not affect the pH values of crop, proventriculus, 

gizzard and intestinal contents (P>0.05), but reduced the 

tendency of carcass contamination (P<0.01) (Table 4). Kayan 

and Açıkgöz (2020) reported that the addition of organic acid 

to the drinking water during the 6 or 12 hour pre- slaughter FW 

period did not affect the pH values of crops, gizzards and 

proventriculus. On the other hand, Hinton et al. (2000) reported 

that the feed material in the crop was depleted 6 hours after the 

chickens were prevented from accessing the food, while Kayan 

and Açıkgöz (2020) reported that the pH of the gizzard and 

bezel stomach decreased as the FW extended from 6 hours to 

12 hours. Depletion of feed material in the crop lowers the lactic 

acid concentration, leading to an increase in pH and thus a 

decrease in its ability to inhibit the growth of enteropathogens 

(Hinton et al., 2002). The main purpose of the pre-slaughter FW 

period in of broiler chickens production is to prevent carcass 

contamination (Salmonella, Campylobacter, etc.) and to 

produce hygienic chicken meat by ensuring that the digestive 

system is empty. It is reported that pre-slaughter fasting period 

and transportation time are associated with the contamination 

tendency, which is one of the indicators of carcass pollution, 

and the increasing contamination tendency increases 

processing costs and reduces profitability (Menconi et al., 

2014). In addition, it is important to control the rate of carcass 

contamination during slaughter since carcass contamination is 

a serious public health problem and adversely affects carcass 

production and meat quality (Xue et al., 2021). In this respect, 

the fact that the addition of VC, VE or VCE to the water during 

the 10 h pre-slaughter FW period reduces the tendency of 

carcass contamination (P<0.01), is seen as an important result 

in terms of both hygienic chicken meat production and 

processing cost.  

All of the vitamin additions to the drinking water of broilers 

during the 10-hour pre-slaughter FW period decreased the 

pathogenic microorganism population (P<0.01) in the intestinal 

contents (Table 4). The addition of VE was more effective at 

attenuating TMAB, Coliform and E. coli populations than other 

groups, while the addition of VCE was more effective than the 

control and VC additions (P<0.01). Oxidative stress damages 

the intestinal microflora and leads to an increase in pathogenic 

bacteria (Mishra & Jha, 2019). Dietary antioxidants can help 

alleviate the negative effects of various stress factors on 

microbiota by regulating the intestinal microflora (Yang et al., 

2020). It is reported that the addition of VE (250 mg/kg) to 

broilers’ diets housed under HS improves antioxidant status, 

alters intestinal microorganism population and functions, and 

alleviates the negative effects of stress (Calik et al., 2022). 

However, there are also studies reporting that the addition of 

VE at different doses (up to 200 mg/kg) to chickens’ diets does 

not affect the intestinal pathogenic microorganism (Coliform, 

TMAB, E. coli) population (Scocco et al., 2017; Dalia et al., 

2018; Ghasemi-Sadabadi et al., 2022). Mandal et al. (2005) 

reported that the intestinal Coliform count was reduced by 

supplementation of 150 mg/kg of VC or 300 mg/kg of VE in 

broilers during the 8 h pre-slaughter FW period. It has been 

observed that the addition of 50 ml/L VC reduces the intestinal 

E. coli count (Nosrati et al., 2017) and the addition of 300 
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mg/kg VC reduces both the intestinal Coliform and E. coli 

counts (Hajati et al., 2015). On the other hand, during 6 h pre-

slaughter FW period the addition of maltodextrin did not affect 

the TMAB count of the crop content, but weakened the E. coli 

and Coliform bacteria population (Rathgeber et al., 2007), the 

addition of 0.1% organic acid during the 6 or 12 h pre-slaughter 

FW period did not affect the intestinal Coliform count (Kayan 

& Açıkgöz, 2020). 

Table 4. The effect of adding vitamin to drinking water during the pre-slaughter FW period on the pH values of the digestive system 

and intestinal microflora of broiler chickens. 

Parameters 
Treatment Groups 

NV VC VE VCE Average p-value 

Crop pH 5.05±0.27 5.52±0.09 5.70±0.17 5.21±0.11 5.37±0.09 0.057 

Proventriculus pH 3.54±0.85 3.74±0.09 3.63±0.12 3.78±0.06 3.67±0.05 0.556 

Gizzard pH 3.01±0.05 3.21±0.06 2.93±0.06 3.17±0.24 3.08±0.06 0.363 

Intestine pH 6.45±0.09 6.47±0.12 6.53±0.08 6.65±0.05 6.52±0.05 0.382 

Contamination tendency (ml) 1.63±0.29a 0.80±0.19b 0.90±0.17b 0.40±0.10b 0.93±0.12 0.001 

TMAB (log kob/gr) 7.03±0.02a 6.85±0.02b 4.58±0.04d 4.90±0.01c 5.84±0.29 0.000 

Coliform (log kob/gr) 7.13±0.01a 6.94±0.02b 4.32±0.05d 6.71±0.02c 6.27±0.29 0.000 

E. coli (log kob/gr) 7.02±0.01a 6.80±0.02b 4.21±0.03d 4.99±0.01c 5.76±0.31 0.000 

NV, Non vitamin-Control; VC, 1000 mg/L water Vitamin C; VE, 500 mg/L water Vitamin E; VCE, Combination of VC (1000 mg/L water) and VE 

(500 mg/L water); TMAB, Total Mesophilic Aerobic Bacteria. a-d; Means in the same row with different superscripts differ significantly (P<0.05). 

Values are given as mean±standard error. 

 

Table 5. The effect of adding vitamin to drinking water during 

the pre-slaughter FW period on intestine Salmonella spp. 

populations of broiler chickens. 

Groups Positive Negative Total 

NVa 4 0 4 

VCa 4 0 4 

VEb 0 4 4 

VCEa 3 1 4 

Total 11 5 16 

(X2)=12.509  P=0.006. NV, Non vitamin-Control; VC, 1000 mg/L 

water Vitamin C; VE, 500 mg/L water Vitamin E; VCE, Combination 

of VC (1000 mg/L water) and VE (500 mg/L water). a-b; Differences 

between the groups shown with different superscripts are statistically 

significant (P < 0.05).  

In order to determine the statistical effects of vitamin 

additions to the drinking water of broilers during the pre-

slaughter FW period on Salmonella spp. in the intestinal 

content, the groups were compared according to the X2 test and 

a significant difference was observed (P<0.05). It was 

determined that the difference between the groups was due to 

the VE group (P<0.05). Accordingly, it can be said that the 

addition of VE to the drinking water of broilers during the pre-

slaughter FW period reduces the risk of Salmonella spp. 

compared to other groups. It is thought that the addition of 

vitamin E, which has a strong antioxidant effect (Dalia et al., 

2018; Calik et al., 2022), to the drinking water of broiler 

chickens in the pre-slaughter FW period may have affected the 

intestinal microflora by reducing intestinal oxidation stress 

(Attia et al., 2017; Ghasemi-Sadabadi et al., 2022). It has been 

emphasized that adding 30 IU/kg VE to the diets of layer 

chickens exposed to Salmonella Enteritidis (SE) reduces the 

stress symptoms caused by SE and can be recommended to 

improve poultry health and production performance by 

controlling Salmonella infection (Liu et al., 2019). Also, Dalia 

et al. (2018) observed that adding 100 mg/kg VE to chickens’ 

diets reduced the number of Salmonella spp. 

4. Conclusion 

The results of this study show that the addition of VC or 

VCE, especially 500 mg/L VE, to the drinking water of broilers 

during the pre-slaughter FW period may be a good alternative, 

as it improves meat quality and reduces intestinal pathogenic 

microorganism populations. It is thought that more studies with 

more different doses are needed to fully determine the effects 

of vitamin C and E supplementation in the drinking water of 

broiler chickens during the pre-slaughter FW period. 
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