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The study investigated the impact of probiotics and vitamins (PV) on the 
reproductive performance and egg quality of Ac chickens' diet. The 
experiment was conducted using a completely random design with 250 
hens, aged 40-50 weeks, housed in cages. There were 5 treatments, each 
with 5 repetitions, and 10 hens per repetition. The treatments 
corresponding to the diets were: Control (BD), C250 (BD + 250 mg PV/kg 
of feed), C500 (BD + 500 mg PV/kg of feed), C750 (BD + 750 mg PV/kg 
of feed), and C1000 (BD + 1000 mg PV/kg of feed). The results showed 
that the highest laying rate (39.2%), yolk index (0.45), albumen index 
(0.08) and yolk colour (7.6) were in C1000. Although the C750 indicated 
the lowest FCR (3.78), it had the greatest egg weight (36.4 g/egg) and 
Haugh unit (82.8). In conclusion, probiotics and vitamins at 1,000 mg/kg 
diet improved Ac chicken laying rate, FCR, and egg weight. 
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1. INTRODUCTION 

The Ac chicken (Gallus gallus domesticus Brisson) 
is a native breed traditionally raised in the Mekong 
Delta. Kojima et al. (2014) reported that Ac chicken 
contains a significantly higher amount of Carnosine 
(798.3 mg/100 g of breast meat) compared to White 
chicken (417.2 mg/100 g of breast meat). Carnosine 
is a protein found in the meat and brain of 
vertebrates, and it plays a crucial role in various 
physiological functions, including anti-ageing, 
antioxidant activity, anti-fatigue effects, and 
neurotransmission (Caruso et al., 2019). Carnosine 
has been utilised in medical treatments for various 
conditions, including diabetes, Alzheimer’s disease, 
ageing, cancer, and other chronic illnesses (Derave 
et al., 2019). Furthermore, Ac chicken eggs are 
highly valued by consumers for their lack of a fishy 
odour, rich flavour, high-fat content, fragrant aroma, 
elevated protein levels in the egg whites, higher 

yolk-to-white ratio, and their appealing dark colour 
(Le et al., 2023). Ac chickens reach sexual maturity 
early at 119-123 days old (Le et al., 2023), eggs 
weigh 31.3-36.2 g/egg and the laying rate was 52.3-
58.1% at 23-37 weeks old (Nguyen & Nguyen, 
2022).  

There are currently various feed supplements 
available to enhance digestion, promote faster 
growth, boost reproduction, and improve egg 
quality in chickens. These supplements typically 
contain beneficial microorganisms (probiotics), as 
well as vitamins and minerals crucial to the egg 
production process. Probiotics have been shown to 
improve intestinal health and reduce pathogen 
invasion (Zhang et al., 2023). Nutrient deficiencies 
can negatively impact the reproductive system, 
leading to a decrease in egg production (Li et al., 
2021). Previous research has demonstrated that 
adding probiotics to the diet can enhance both egg 
productivity and quality (Hassan et al., 2019). 
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Additionally, supplementing with natural vitamin E 
has been found to increase tocopherol levels in the 
tissues of laying hens, thereby improving their 
antioxidant capacity. These positive effects may 
result in improved egg production in laying hens 
(Zhao et al., 2021). Vitamins E and D3 have been 
shown to enhance the Haugh unit, with 
improvements in egg white quality likely due to the 
vitamins' role in ensuring efficient protein and 
energy utilization by animals, thereby boosting 
health and reproductive performance (Chen et al., 
2020; Nemati et al., 2020). Nguyen (2019) found 
that supplementing vitamins and minerals in the 
drinking water of Hisex Brown laying hens at 43 
weeks old improved egg production, eggshell 
thickness, and yolk colour compared to the control 
group. In a similar study, Nguyen et al. (2024) added 
0.35% BACI EXTRA probiotic to the feed of Isa 
Brown hens, which led to increased laying rates, egg 
weight, egg productivity, and reduced feed 
consumption for commercial egg-laying hens. 
However, limited research has examined the use of 
probiotics and vitamins in the diet of Ac chickens 
during the laying stage. Therefore, this study was 
conducted to determine the optimal levels of 
probiotics and vitamins (PV) in the diet of Ac 
chickens, aiming to achieve high economic 
efficiency in egg production. 

2. MATERIALS AND METHODS 

The experiment was conducted from August 2023 
to November 2023 at a chicken farm located in Than 
Cuu Nghia ward, Chau Thanh district, Tien Giang.   

− A total of 5 hens were randomly placed in each 
cage (cage dimensions: 0.5 m length, 1.2 m width, 
0.45 m height), with a stocking density of 0.12 m² 
per bird (area = 0.5 m × 1.2 m = 0.6 m²) (Figure 1).   
− Feed: The hens were provided with 3910T feed 
(Table 1) from Asia Nutrition Technologies 
Company Limited (Vietnam), at a rate of 60 g per 
hen per day.   
− Probiotics and vitamins (Table 2) were sourced 
from Khang Phat Loc Trading Joint Stock Company 
(Vietnam). 
− Drinking water: The chickens had free access to 
water through automatic drinking nipples. 

 
Figure 1. Ac hens in cages at 40 weeks old 

Table 1. Feed ingredients in this study 
Ingredient Content 
Crude protein (Min) (%)  18.5 
Crude fibre (Max) (%) 7.0 
Metabolisable energy (Min) 
(Kcal/Kg) 2,800 

Calcium (Min-Max) (%) 3.5-4.5 
Phosphorus (Min-Max) (%) 0.3-2.0 
Lysine (Min) (%) 0.9 
Methionine and Cystein (Min) (%) 0.8 
Moisture (Max) (%) 14.0 

(Source: Asia Nutrition Technologies Company Limited, 
Vietnam) 

Table 2. The probiotics and vitamins 
composition in this study 

Ingredient Content 
Betaglucan (Min) (mg) 50.0  
Lactobacillus spp. (Min) (CFU) 109 
Bacillus spp. (Min) (CFU) 109 
Sacharomymyces cerevisiae (Min) 
(CFU) 104 

Bacillus megaterium (Min) (CFU) 104  
Aspergillus oryzae (Min) (IU) 104  
Vitamin A (Min) (IU) 5,000 
Vitamin D3 (Min) (IU) 150 
Vitamin E (Min) (IU) 500 
Lysine (mg) 2.1 
Methionine (mg) 0.5 
Glucose (g) 1,000 
Moisture (Max) (%) 12.0 

(Source: Khang Phat Loc Trading Joint Stock Company, 
Vietnam) 

A total of 250 hens, aged 40–50 weeks, were 
assigned to a randomised design with five 
treatments. Each treatment included five replicates, 
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with 10 hens per unit. The treatments were as 
follows: the control group (C0) received a basic diet 
(BD); C250 was fed BD supplemented with 250 mg 
of PV per kg of feed; C500 received BD with 500 
mg of PV per kg of feed; C750 had BD with 750 mg 
of PV per kg of feed; and C1000 was provided BD 
supplemented with 1,000 mg of PV per kg of feed. 

* Management and care: Hens were fed twice 
daily at 7:30 A.M. and 2:30 P.M., with unrestricted 
access to water provided through automatic nipple 
drinkers. The lighting schedule provided 16 hours of 
light per day using round bulbs, with a bulb density 
of 18 m² per bulb and a power output of 3-4 W/m². 

All chickens were vaccinated and managed 
according to the protocols of Asia Nutrition 
Technologies Company Limited (Viet Nam).  

During the experiment, daily egg counts were 
recorded to calculate egg production as the 
percentage of eggs produced per hen (laying rate). 
Egg production and quality indicators were 
documented, and the methods for data collection 
and recording are detailed in Table 3. Each day, eggs 
were collected at 5:00 P.M., and 50% of the total 
eggs were randomly selected to assess quality 
indicators. Egg weight and egg shape index were 
measured daily throughout the experiment.  

Table 3. Methodology for characterization and data collection 
Indicators Items Data collection methods References 

Egg 
productivity  

Hen's weight at the 
beginning (kg) 

Record the weight of each hen before starting 
the experiment,  

Nguyen and 
Nguyen (2022) 

Eggs number (EN) 
(eggs/10 hens) 

Record the total number of eggs every day 
from 40 to 50 weeks old. 
EN = Total eggs number /hens number x 10 

Le et al. 
(2023) 

Laying rate (LR) (%) LR = (Eggs number per week/hens number 
present) x 100 

Le et al. 
(2023) 

Feed intake (FI) (g of 
feed/hen/day) 

Weigh the feed provided per day and the feed 
remaining per day. 
FI = (Amount of feed provide per day - 
amount of feed remaining per day)/10 hens 

Nguyen and 
Nguyen (2022) 

Feed conversion ratio 
(FCR) (g of feed/g of 
egg) 

Record average daily feed intake, then 
calculate the total amount of feed per week. 
Weigh the total egg weight every day, then 
calculate the total egg weight per week. 
FCR = (Total feed intake per week/Total egg 
weight per week) 

Nguyen and 
Nguyen (2022) 

Egg  
quality 

Egg weight (g)  Collect eggs at 5 P.M. and weigh the eggs 
with the electronic scale.  

Le et al. 
(2023) 

Egg shape index (SI) 
(%) 

Use the digital calliper to measure the small 
diameter and large diameter of eggs. 
SI = (Small diameter/large diameter) x 100 

Sandi et al. 
(2013) 

Egg yolk and albumen 
index 

Break eggs and separate the albumen, yolk 
and shell to calculate: 
- Yolk index = Yolk height (cm)/Yolk 
diameter (cm) 
- Albumen index = Albumen height (cm)/ 
Albumen diameter (cm) 

Englmaierová 
et al. (2014) 

Shell thickness (mm) 
Separate the eggshell membrane and measure 
it with a specialised ruler using 3 points: 
large, equator, and small. 

Güçlü et al. 
(2008) 

Haugh unit (HU) 
HU = 100 x log (T - 1,7 x W0,37 + 7,57) 
T (mm): albumen thickness; W (g): egg 
weight.  

Haugh (1937) 

Yolk color score Determine with Roche colorimeter. Bovšková et 
al. (2014) 

https://www.researchgate.net/scientific-contributions/Helena-BOVSKOVA-2093040953?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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Statistical analysis 

The data were recorded using Excel and analysed 
with the generalised linear regression model (GLM) 
in Minitab 16.0, a software package designed for 
data analysis. Variance analysis was performed, and 
significant differences between and within 
treatment means were determined using Tukey’s 
test at P<0.05. Experimental model according to the 
formula: Yij = µ + Gi + ξij (where Yij: traits 
observed; μ: general mean, Gi: influence of 
treatments; ξij: random error). A probability value 
of less than 0.05 was considered to be significant. 

3. RESULTS AND DISCUSSION 

3.1. Effect of PV on egg production 

Table 4 illustrates the egg productivity indicators 
across treatments showed statistical differences 
(P>0.05). The total number of eggs was highest in 
C1000 (409) and lowest in C0 (385). Similarly, the 
laying rate peaked in C1000 (39.2%) and was lowest 
in C0 (36.3%). Feed intake was also highest in 
C1000 (54.3 g/hen) and lowest in C500 (52.8 
g/hen). Overall, egg count, laying rate, and feed 
intake were generally higher in diets supplemented 
with PV than in the control. Additionally, the feed 
conversion ratio (FCR) was lowest in C750 (3.78) 
and highest in C0 (4.14). In general, treatments 
supplemented with PV had lower FCR values than 
the control. 

Table 4. Effect of PV on reproductive performance of Ac chickens at 40-50 weeks old 
Iterms C0 C250 C500 C750 C1000 SE P 
Hens weight at the beginning 
(g/hen)  901 897 898 902 903 1.86  0.169 

Eggs number (eggs/10 hens) 385b 397ab 401a 407a 409a 3.16  0.010 
Laying rate (%) 36.3d 37.7c 38.4b 39.0a 39.2a 0.13  0.010 
Feed intake (g of feed/hen/day)  53.2ab 53.9ab 52.8b 53.1ab 54.3a  0.30 0.012 
FCR (g of feed/g of egg)  4.14a 4.02ab 3.81b  3.78b 3.90ab 0.07 0.007 

a,b: Means with different letters in the same row differ significantly (P<0.005) 

The positive impact of probiotics on egg production 
was demonstrated by Neupane et al. (2019) in Sakini 
and Giriraja chickens, native breeds of Nepal. Their 
findings indicated that probiotics containing 
Bacillus subtilis and Lactobacillus acidophilus 
improved feed absorption and enhanced metabolic 
processes related to reproduction, indirectly 
boosting egg production. Similarly, the PV used in 
this study, which included Bacillus spp., 
Lactobacillus spp., and vitamin E, exhibited effects 
comparable to those reported by Neupane et al. 
(2019) and Zhao et al. (2021). Jiang et al. (2013) 
reported that supplementing 200 mg/kg of vitamin 
E in the feed increased the laying rate of Hyline 
Brown chickens to 82.7%, compared to 80.7% in the 
control. Likewise, Zhao et al. (2021) found that 
adding 100 mg/kg of vitamin E to the diet of Hyline 
Brown chickens improved the laying rate to 89.0%, 
compared to 83.5% in the control group. In the 
present study, the inclusion of Bacillus spp., 
Lactobacillus spp., and vitamin E in PV showed 
similar benefits. Hens in the treatment groups did 
not show any statistical differences in initial body 
weight, indicating homogeneity among treatments. 
These findings suggest that PV, supplemented with 
beneficial microorganisms and vitamin E, 

stimulates the digestive system, enhances nutrient 
absorption and positively affects the reproductive 
process, thereby improving egg production. 

The laying rate of Ac chickens in this study was 
lower than that of previous studies of the same 
native breed. For example, Nguyen et al. (2022) 
found a laying rate of 54.6% in Ac chickens aged 
28–39 weeks, while Nguyen and Nguyen (2022) 
observed a rate of 52.3–58.1% in Ac hens aged 23–
37 weeks. The reason for this difference may be 
differences in feed, survey timing, and care and 
rearing conditions. According to the results of Xiang 
et al. (2019) on Lohmann laying hens, 
supplementation with Clostridium butyricum 
probiotics improved egg productivity and quality. 
Supplementation at 0.5 g/kg feed increased feed 
intake, reduced FCR, improved laying and survival 
rates, increased eggshell thickness and egg white 
content. Probiotics containing beneficial bacteria 
have been shown to significantly improve digestive 
health in laying hens (Deng et al., 2012) by 
stimulating the development of microvilli in the 
small intestine, thereby enhancing nutrient 
absorption from feed. 



CTU Journal of Innovation and Sustainable Development  Vol. 18, No. 1 (2026): 1-9 

5 

The reduced feed conversion ratio (FCR) in the 
treatments may be due to the presence of beneficial 
bacteria in the chicken feed, which improved 
nutrient absorption and metabolism, resulting in 
higher egg production compared to the control 
treatment. In the C750, due to the low feed 
conversion ratio (FCR), the economic efficiency of 
egg production was more economically efficient. 
Nguyen and Nguyen (2022) weeks. They reported 
FCR values of 2.94 and 2.98 in Ac chickens fed 
diets containing Moringa leaf powder and turmeric 
powder, respectively, at 23–29 weeks of age. In 
contrast, the FCR of the present study for Ac hens 
was lower than that observed by Nguyen et al. 
(2020a) for Ho chickens (FCR 4.36) and Dong Tao 
chickens (FCR 4.06). These differences arise from 
variations in survey timing, care conditions, and 
diet. 

3.2. Effect of PV on egg quality 

Table 5 shows that the egg quality indicators in 
treatments were all statistically significant (P>0.05). 
The highest egg weight was observed in C750 (36.4 
g/egg), while the lowest was in C0 (35.2 g/egg). The 
egg shape index ranged from 75.0% to 76.1%, with 
the highest value in C0 (76.1%) and the lowest in 
C500 (75.0%). Eggshell thickness was greatest in 
C500 and C750 (0.38 cm), followed by C250 and 
C1000 (0.37 cm), and thinnest in C0 (0.36 cm). 
Similarly, the Haugh unit (HU) increased 
progressively with supplementation, with the 
highest HU recorded in C1000 (82.0) and the lowest 
in C0 (79.9). The yolk colour score was also highest 
in C1000 (7.60) and lowest in C0 (7.40). Both egg 
albumen and yolk height increased with 
supplementation. The highest albumen height was 
in C1000 (9.11) and the lowest in C0 (8.03). Yolk 
height peaked in C1000 (15.7) and was lowest in C0 
(15.1). The albumen index was highest in C1000, 
C750, and C500 (0.08) and lowest in C0 (0.07). 
Lastly, the yolk index was highest in C1000 (0.45) 
and lowest in C0 (0.40). 

In general, egg weight in treatments supplemented 
with PV was higher than in the control group, 
demonstrating that PV positively influenced egg 
weight in Ac hens. The effects of probiotics and 
vitamin E on egg weight have been well-
documented in previous studies worldwide. For 

instance, Bodhi et al. (2023) reported supplementing 
probiotics containing beneficial bacteria (L. 
acidophilus, L. plantarum, and Bifidobacterium spp. 
at a density of 1.2×10⁹ CFU/ml) into the diets of ISA 
Brown laying hens resulted in the highest egg 
weight (53.5 g/egg) in the treatment with 3 ml of 
probiotics per kg of feed, compared to 50.0 g/egg in 
the control. Similarly, Abdelqader et al. (2013) 
found that supplementing Bacillus subtilis 
inoculants increased egg weight in White chickens. 
Consistent results were reported by Khan and Naz 
(2013), who observed that probiotics containing L. 
plantarum, L. bulgaricus, L. acidophilus, L. 
rhamnosus, and S. thermophilus (at a density of 
2×10⁹ CFU/g) enhanced egg weight. Furthermore, 
Zhao et al. (2021) demonstrated that supplementing 
100 mg/kg of vitamin E in the diet of Hyline Brown 
laying hens increased egg weight to 60.9 g/egg 
compared to 58.0 g/egg in the control. These 
findings collectively highlight the role of probiotics 
in improving feed intake and increasing egg weight, 
emphasising their significant contribution to 
enhancing poultry productivity. 

The egg weights in this study were smaller than 
those in previous studies of other indigenous 
chicken breeds in Vietnam. For example, Ri 
chickens laid eggs weighing 41.7 g, and Mia 
chickens had an average egg weight of 44.7 g 
(Moula et al., 2012). Hmong chickens had larger 
eggs, with an average weight of 51.4 g (Nguyen et 
al., 2017). Similarly, Noi hens showed egg weights 
ranging from 40.2 to 40.6 g depending on the 
VIPR1/HhaI polymorphism (Tran et al., 2018), 
Bang Troi chickens averaged 48.4 g (Nguyen et al., 
2020b), and Noi chickens produced eggs weighing 
48.3 g (black-feathered) and 49.7 g (dark-brown) 
(Dang et al., 2021). Additionally, the egg weights of 
Ac chickens in the present study were lower than 
those of native chickens in Southern Ethiopia. 
Berhanu et al. (2022) reported egg weights of 46.6 
g in the lowlands, 48.6 g in the midlands, and 45.4 
g in the highlands. Similarly, chickens in the Sidama 
region of Ethiopia produced eggs weighing 44.9 g 
in the lowlands, 49.5 g in the midlands, and 42.9 g 
on the plateau (Legesse & Kefyalew, 2023). These 
differences in egg weight are largely attributable to 
variations in care and nutritional conditions across 
the studies. 
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Table 5. Effect of PV on egg quality of Ac chickens at 40-50 weeks old  
Iterms C0 C250 C500 C750 C1000 SE P 
Egg weight (g/egg) 35.2c 35.7bc 36.0ab 36.4a 36.0ab 0.15 0.010 
Egg shape index (%) 76.1a 75.6ab 75.0b 75.1b 75.4b 0.18 0.002 
Egg shell thickness (cm) 0.36 0.37 0.38 0.38 0.37 0.01 0.771 
Egg albumen height (mm) 8.03c 8.12bc 8.86 b 9.03 a 9.11a 0.07 0.010 
Egg albumen index 0.07b 0.07b 0.08a 0.08 a 0.08a 0.01 0.010 
Egg yolk height (mm) 15.1c 15.5b 15.5ab 15.7a 15.7a 0.15 0.010 
Egg yolk index 0.40b 0.40b 0.40b 0.44a 0.45a 0.01 0.010 
Egg yolk color score 7.24c 7.44b 7.47ab 7.50ab 7.60a 0.26 0.045 
Haugh unit  79.9c 80.9b 81.9ab 82.8a 82.0a 0.43 0.010 

a,b: Means with different letters in the same row differ significantly (p<0.005) 

The egg shape index observed in this study was 
lower than that of Ac chicken eggs at 16–67 weeks 
of age, which averaged 77.3% (Le et al., 2024). 
However, the current study found that Ac chicken 
eggs had a higher shape index compared to native 
chickens in Southern Ethiopia, which were reported 
at 72.7% in the lowlands, 75.1% in the midlands, 
and 73.6% in the highlands (Berhanu et al., 2022). 
Similarly, Legesse and Kefyalew (2023) reported 
that indigenous chickens in the Sidama region of 
Ethiopia had egg shape indices of 73.8% in the 
lowlands, 72.8% in the midlands, and 73.0% in 
mountainous areas. 

Bodhi et al. (2023) studied ISA Brown laying hens 
and found that supplementing their diet with 
probiotics (L. acidophilus, Bifidobacterium spp., 
and L. plantarum) at a dose of 5 ml/kg of feed 
increased eggshell thickness to 0.36 cm, compared 
to 0.33 cm in the control group. Improved nutrient 
absorption from feed enhanced eggshell formation, 
resulting in thicker eggshells. Similarly, Hatairat et 
al. (2015) demonstrated that supplementing Brown 
chicken diets with 6,000 IU of vitamin D3 in a diet 
containing 3.5% calcium improved eggshell 
thickness to 0.37 cm, compared to 0.34 cm in a 
control diet without vitamin D3. This suggests that 
dietary vitamin D3 supplementation can mitigate the 
adverse effects of low calcium levels on eggshell 
quality. Increased levels of vitamin D3 enhance the 
production of its active form (1,25(OH)₂D₃) in the 
kidneys, which stimulates the synthesis of calcium-
binding proteins necessary for calcium transport 
across the intestinal membrane and for eggshell 
formation (Bar, 2008). The current study also used 
a vitamin D3-supplemented diet, resulting in 
increased eggshell thickness compared to the 
control. The observed improvement in eggshell 
quality aligns with the mechanisms described by 
Bar (2008), in which enhanced calcium utilisation 
contributed to better eggshell formation. 

Bodhi et al. (2023) classified the yolk index into 
three ascending quality groups: group I (0.485–
0.521), group II (0.394–0.457), and group III 
(0.330–0.393). Similarly, the albumen index was 
categorised as group I (0.134–0.175), group II 
(0.092–0.133), and group III (0.050–0.091). In the 
present study, the yolk index fell within group II, 
while the albumen index was categorised under 
group III. However, the current findings showed 
lower yolk and albumen indices compared to Bodhi 
et al. (2023), where probiotics supplementation 
increased the yolk index (0.484–0.502) and albumen 
index (0.164–0.201) in ISA Brown eggs. The 
albumen index is influenced by dietary protein 
intake: higher protein intake promotes ovomucin 
production, thereby increasing the albumen index. 
According to Patterson and Burkholder (2003), the 
efficacy of probiotics depends on factors such as 
application method, chicken breed, feed 
composition, and probiotic density. Therefore, the 
observed differences in results between studies 
might stem from variations in breed, nutritional 
conditions, and the types of probiotics used. Bodhi 
et al. (2023) also demonstrated that probiotics 
improved the Haugh unit (HU) of ISA Brown eggs. 
Supplementing diets with a probiotic mixture (L. 
acidophilus, Bifidobacterium spp., and L. 
plantarum at a density of 1.2×10⁹ CFU/ml) at 3 
ml/kg of feed resulted in significantly higher HU 
values (106.8) compared to the control (97.3).  

The yolk colour score observed in the present study 
was consistent with Bodhi et al. (2023), where 
probiotics enhanced yolk colour in ISA Brown eggs, 
with scores ranging from 6.75 to 8.82 in probiotic 
treatments, compared to 6.70 in the control. 
Similarly, Neijat et al. (2015) reported 
improvements in yolk colour score, HU, yolk index, 
and albumen index in laying hens supplemented 
with Bacillus subtilis DSM29784. Sjofjan et al. 
(2021) suggested that an improved intestinal 
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environment, achieved through probiotic 
supplementation, enhanced the absorption of 
minerals and nutrients vital for egg production, 
leading to better internal and external egg quality. 

4. CONCLUSIONS 

Incorporating 1,000 mg/kg of PV into Ac chicken 
diet at 40–50-week-old enhanced egg production 
and laying rate while lowering the feed conversion 

ratio (FCR). Additionally, the PV supplementation 
improved various egg quality parameters, including 
egg weight, yolk index, albumen index, and Haugh 
units (HU). 
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