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Effect of nano zinc oxide supplementation on egg weight and egg quality parameters in Kuttanad ducks

ABSTRACT
Objective 
An experiment was conducted at the Avian Research Station, Thiruvazhamkunnu, Kerala, to evaluate the effect of dietary nano zinc oxide (ZnO-NPs) supplementation on egg weight and egg quality parameters in Kuttanad ducks. 
Materials and methods
A total of 160 birds, aged 16 weeks, were randomly assigned to five dietary treatments (T1: basal diet, T2: basal diet + 80 mg/kg inorganic Zn, T3: basal diet + 20 mg/kg Zn-NPs, T4: basal diet + 40 mg/kg Zn-NPs, T5: basal diet + 60 mg/kg Zn-NPs) in a completely randomised design, with four replicates per treatment and eight birds per replicate. The birds were fed with experimental grower and breeder diets from 17 to 20 and 21 to 40 weeks of age, respectively. The data for the experiment were collected over 16 weeks from 24 to 40 weeks of age, divided into five 28-day periods.
Results
The egg quality parameters such as egg weight, shape index, albumen index and yolk index had no significant differences during the experimental period. However, shell thickness showed significant (p<0.05) difference between treatment groups during all periods of study except the last period. The Zn-NPs supplemented group had significantly higher shell thickness compared to the other treatment groups.
Conclusion
	The results of this study highlight the potential benefits of ZnO-NPs supplementation in enhancing the shell thickness of Kuttanad ducks under standard management conditions.
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1. INTRODUCTION
Zinc plays a vital role in the biological functions of poultry, influencing enzyme activity, immune regulation and reproductive performance. It is commonly included in poultry diets in the form of inorganic salts such as zinc sulfate and zinc oxide, due to their affordability and easy availability. However, the bioavailability of these inorganic forms is often limited. Zinc absorption in birds is affected by several factors, including the chemical form of zinc, dietary concentration, age and physiological condition of the birds, interactions with other minerals like copper and iron, and the overall nutrient composition of the feed. In contrast, organic forms of zinc, such as zinc proteinate or zinc amino acid complexes, have demonstrated superior bioavailability compared to inorganic sources. This improvement is largely attributed to differences in their absorption mechanisms within the gastrointestinal tract (Abd El-Hack et al., 2018). 
In recent years, nano formulations of trace minerals, particularly nano zinc have gained considerable interest due to their enhanced physicochemical characteristics and higher bioavailability. Zinc nanoparticles possess a larger surface area and greater reactivity, which facilitate improved absorption and utilization in the gastrointestinal tract (Swain et al., 2016). Studies have reported that nano zinc supplementation can positively influence growth performance, feed efficiency, immunity, and oxidative balance in poultry (El-Katcha et al., 2017; Ibrahim et al., 2017). Importantly, dietary supplementation with nano zinc has been shown to improve egg quality traits, including increased shell thickness, which is critical for maintaining egg integrity and consumer acceptance (Abedini et al., 2018; Cufader et al., 2019). Additionally, nano zinc has demonstrated greater stability in the digestive system and reduced antagonistic interactions with other dietary components, resulting in more consistent biological responses. The improved efficacy of nano zinc also allows for lower inclusion levels in diets while achieving outcomes comparable to or better than traditional zinc sources, thereby minimizing mineral wastage and environmental pollution (Hassan et al., 2020).
2. MATERIALS AND METHODS
An experiment was conducted in the College of Avian Sciences and Management, Thiruvazhamkunnu, under Kerala Veterinary and Animal Sciences University from 8 January 2025 to 2 July 2025 to study the effect of dietary supplementation of ZnO-NPs on egg weight and egg quality traits of Kuttanad ducks.
2.1 Experimental design
2.1.1 Experimental Birds and treatments
At 16 weeks of age, the body weight was recorded and 160 female ducks were randomly allocated to five dietary treatment groups, each comprising of four replicates. Each replicate consisted of eight birds.  The birds were offered the treatment diets from 17 to 40 weeks of age. The experimental design for dietary supplementation of ZnO-NPs in the different treatment groups is presented in Table 1.
	The five dietary treatments are detailed in Table 1.




Table 1: Experimental design for dietary supplementation of ZnO-NPs in different treatment groups of Kuttanad ducks
	Treatment 
groups
	Diet
	Replicates
	Number of birds
 in each replicate

	T1
	Basal diet without additional Zinc supplementation
	4
	8

	T2
	Basal diet + 80 mg inorganic Zn/kg feed
	4
	8

	T3
	Basal diet + 20 mg nano Zn/kg feed
	4
	8

	T4
	Basal diet + 40 mg nano Zn/kg feed
	4
	8

	T5
	Basal diet + 60 mg nano Zn/kg feed
	4
	8



2.1.2 Housing and management
The Kuttanad ducks were reared in a slatted floor system in a gable-roofed house with open-sided walls. The experimental shed was cleaned and disinfected seven days before the start of the experiment using a disinfectant containing quaternary ammonium compounds (6% w/v) and glutaraldehyde (3.1% w/v) at a dilution of 10 mL per litre of water. The feeders and waterers were thoroughly flushed with water and disinfected with a compound containing glutaraldehyde (10%) at a dilution of 5 mL per litre of water and dried for three days before the start of the experiment.
All the ducks were provided with a floor space of 4 sq. ft. with ad libitum feed and water under standard management conditions during the experimental period. The birds received artificial lighting from the 22nd week of age onwards. The photoperiod was gradually increased by one hour per week from 22 weeks of age until a maximum of 16 to 16.5 hours was reached at 26 weeks.
2.1.3 Treatment diet
The basal diet, formulated mainly based on maize and soybean meal according to the standard ICAR 2013, contained 16.5% crude protein (CP) and provided 2650 kcal/kg of metabolizable energy (ME). The facilities in the Avian Research Station feed mill, Thiruvazhamkunnu, were used to prepare the basal diet. The basal diet was subjected to proximate analysis to estimate the nutrient content and atomic absorption spectrophotometry to assess the zinc content.



Table 2: Ingredient composition of Duck grower and breeder feed, per cent
	Sl. No
	Ingredients
	Grower
	Breeder

	1
	Yellow maize
	69.33
	61.14

	2
	Soya bean meal
	17.73
	22.39

	3
	Wheat bran
	5.33
	2.74

	4
	1Calcite powder
	2.67
	6.37

	5
	Shell grit
	0.00
	2.20

	6
	Di-calcium phosphate
	1.87
	2.85

	7
	Dried fish
	2.00
	1.65

	8
	Methionine
	0.27
	0.22

	9
	Lysine
	0.27
	0.00

	10
	Salt
	0.53
	0.44

	Feed additives (kg/tonne)

	11
	2Vitamin premix
	1.00
	1.00

	12
	3Coccidiostat
	0.50
	0.00

	13
	4Choline chloride
	1.00
	2.00

	14
	5Liver protectant
	0.50
	0.50

	15
	6Toxin binder
	1.50
	1.50

	16
	7Enzymes
	0.25
	0.25

	17
	8Trace Mineral Mixture
	1.25
	1.50


Note:
1. Calcite powder: Limestone powder containing 38 per cent calcium.
1. Vitamin premix- Nicomix – Breeder- Piramal pharma limited
Composition per kg: Vitamin A-22.50 MIU, Vitamin D3- 4.50 MIU, Vitamin E-70 g, Vitamin K3-4.50 g, Vitamin B1-6 g, Vitamin B2-20.50 g, Vitamin B6-8 g, Vitamin B12-30 mg, Niacin- 75 g, Calcium D Pantothenate-32.50 g, Folic acid-4.5 g, Biotin-210 mg
1. Coccidiostat: Robecox 100, Provet Pharma Private Ltd.
Composition per kg: Robenidine hydrochloride 10 per cent
1. Choline chloride 60 per cent: Anichol 60, Jubilant Ingrevia Ltd
Composition per kg:  600 g of choline chloride 
1. Liver tonic: Dutchliv Gold, Aminorich Nutrients B.V.
Composition- a blend of choline chloride, tri-chlorine citrate, DL-methionine, protein hydrolysate, live yeast, liver extract, iron, zinc, copper, vitamin E and selenium, methyl donors in a base of liver stimulant herbs 
1. Toxin binder: Alusil Mos Plus, Stallen South Asia Pvt Ltd 
Composition: Activated hydrated sodium calcium almunio silicates (HSCAS), activated charcoal, mannan oligosaccharides, copper oxinate, organic acids (propionic acid, benzoic acid, acetic acid, sorbic acid), lipotropic agent, spirulina 
1. Enzyme: Alvizyme plus – Alembic Ltd.
Composition blend of Lactobacillus acidophilus, Saccharomyces cerevisiae, xylanase, alpha-galactosidase, glucanase, cellulase, pectinase, amylase, mannanase, lipase, protease, phytase 
1. Trace mineral mix each kg contains - Manganese 100 g, Iron 90 g, Copper 15 g, lodine 1.8 g, Organic Chromium 0.15 g, Selenium 0.45 g (Zenmak Nutrigencies and Health Pvt Ltd). 

Table 3: Chemical composition of basal diets on dry matter basis
	Sl. No.
	Content
	Grower
	Breeder

	1
	Moisture (%)
	10.42
	9.40

	2
	Crude protein (%)
	15.00
	16.50

	3
	Crude fibre (%)
	6.40
	8.90

	4
	Ether extract (%)
	2.5
	2.40

	5
	Total ash (%)
	12.30
	12.70

	6
	Acid insoluble ash (%)
	2.10
	3.80

	7
	Calculated M.E (kcal/kg)
	2500.00
	2650.00

	8
	Zinc (mg/kg)
	23.2
	28.4



2.1.4 Observations 
2.1.4.1 Egg weight
Egg weight was recorded during the last three consecutive days of each four weeks. All the eggs laid by the ducks among the treatment groups were collected and weighed individually with 0.01 g accuracy. Based on this data, the mean egg weight was calculated for each replicate.


2.1.4.2 Egg quality
Three eggs from each replicate were collected over a period of three consecutive days at four weeks intervals to determine the shape index, albumen index, yolk index and shell thickness. The height of the albumen and yolk was measured using Ame's tripod stand micrometer. The width of the yolk and albumen was measured using vernier callipers. Shell thickness was measured using a screw gauge. Shell thickness (mm) without the shell membrane was measured at three places: equatorial region, narrow end, and broad end using a digital screw gauge with 0.001 mm accuracy. Mean thickness was calculated as per Tyler and Geake (1961). 



2.1.5 Statistical analysis
Data on different parameters were analysed statistically using SPSS version 24.0. The data were first checked for normality and homogeneity of variances to ensure the assumptions for parametric tests and non-parametric tests were met. Descriptive statistics, including means and standard errors, were calculated for each treatment group.
An analysis of variance (ANOVA) was conducted to determine the significance of differences among the treatment groups. When significant differences were found, post hoc tests (Duncan), were performed to identify which groups differed from each other. The level of significance was set at p < 0.05.
3. RESULTS AND DISCUSSION
3.1 Egg weight
The mean period-wise egg weight of Kuttanad duck eggs in different dietary treatment groups [T1 (basal diet - control), T2 (basal diet + 80 mg inorganic Zn/kg diet), T3 (basal diet + 20 mg nano Zn/kg diet), T4 (basal diet + 40mg nano Zn/kg diet), T5 (basal diet + 60 mg nano Zn/kg diet)] is given in Table 4.
Throughout the experimental periods, the mean egg weight showed a progressive increase across all treatment groups. However, statistical analysis revealed that the differences among the groups were not significant at any stage. While slight variations in egg weight were observed between treatments during successive periods, these changes followed a similar trend across groups, indicating that the treatments did not exert an effect on egg weight.
The general absence of significant variation in egg weight throughout most of the trial is consistent with earlier studies reporting limited or no effects of zinc supplementation on this parameter in poultry. For example, Yildirim (2017) found no notable influence of different zinc sources on egg weight in 24-week-old H&N Super Nick layer hen. Similarly, Abedini et al. (2018) observed no significant changes in egg weight in 64-week-old layer hen supplemented with various sources of zinc.
While Olgun and Yildiz (2017) observed improvements in egg weight with higher levels of ZnO-NPs supplementation (100 mg/kg) and Abbasi et al. (2022) also documented increased egg weight in Japanese quails fed ZnO-NPs at 49 mg/kg in feed.
The absence of significant effects of zinc supplementation on egg weight in both early and late laying phases may reflect the physiological priorities of the birds at these stages. During the early phase, nutrients are largely channelled towards establishing the reproductive cycle and adequate zinc from the basal diet or pre-laying reserves may have met the requirements for egg production and egg formation, leaving little scope for additional benefit. In the late phase, declining reproductive efficiency and metabolic responsiveness with age likely limited the birds’ ability to utilize supplemental zinc effectively. Thus, in both phases, the marginal role of nano zinc beyond the basal requirement may explain the lack of measurable improvements in production traits.
Table 4. Mean (±SE) egg weight of Kuttanad ducks as influenced by oral supplementation of nano zinc oxide, g
	Age (weeks)
	T1 (Basal  diet - Control)
	T2 (Basal diet + 80 mg inorganic Zn/kg diet)
	T3 (Basal diet + 20 mg nano Zn/kg diet)
	T4 (Basal diet + 40 mg nano Zn/kg diet)
	T5 (Basal diet + 60 mg nano Zn/kg diet)
	P-value

	24
	64.50 ± 0.89
	63.01 ± 0.69
	64.77 ± 0.92
	64.44 ± 0.78
	64.41 ±  0.85
	.59

	28
	66.10 ± 0.94
	65.02 ±  0.88
	64.54 ± 0.81
	65.86 ± 0.73
	67.10 ±  0.80
	.25

	32
	67.60 ± 0.84
	66.84 ± 0.78
	68.06 ± 0.83
	67.26 ± 0.73
	68.95 ± 0.72
	.37

	36
	71.46 ± 0.80
	69.26 ± 0.73
	69.18 ± 0.71
	70.12 ± 0.68
	71.59 ± 0.98
	.08

	40
	66.92 ± 0.59
	66.98 ± 1.06
	65.90 ± 1.13
	67.17 ± 0.96
	66.68 ± 1.10
	.91





3.2. Egg quality traits
The mean egg quality traits of eggs from breeder Kuttanad ducks in different dietary groups [T1 (basal diet - control), T2 (basal diet + 80 mg inorganic Zn/kg diet), T3 (basal diet + 20 mg nano Zn/kg diet), T4 (basal diet + 40mg nano Zn/kg diet), T5 (basal diet + 60 mg nano Zn/kg diet)] is presented in Tables 5 to 8.  
3.2.1 Shape index
The mean period-wise shape index of Kuttanad duck eggs in different dietary treatment groups as influenced by ZnO-NPs supplementation is detailed in Table 5.
At the end of the first period (24th week), the mean shape index of different treatment groups ranged from 76.87 (T3) to 77.57 (T5) and at the end of the second period (28th week), the mean shape index of different treatment groups ranged from 77.91 (T2) to 78.94 (T5), showing no significant differences between the treatment groups in both the periods. 
At the end of the third period (32nd week), the mean shape index of different treatment groups ranged from 77.95 (T5) to 79.28 (T1) and at the end of the fourth period (36th week), the mean shape index of different treatment groups ranged from 76.65 (T1) to 77.73 (T4), observing no significant differences between the treatment groups in both the periods. 
At the end of the fifth period (40th week), the mean shape index of different treatment groups ranged from 77.42 (T5) to 77.97 (T4), showing no significant differences between the treatment groups.
	The dietary supplementation of nano zinc showed no significant variation among the treatment groups, indicating that dietary zinc supplementation did not influence the shape index of eggs in breeder Kuttanad ducks. The findings of this study is in line with the overall observation that zinc has no substantial effect on egg quality traits. Similar results were reported by Chen et al. (2017), who found no change in egg quality in laying ducks supplemented with zinc.








Table 5. Mean (±SE) shape index of Kuttanad duck eggs as influenced by oral supplementation of nano zinc oxide
	Age (weeks)
	T1 (Basal  diet - Control)
	T2 (Basal diet + 80 mg inorganic Zn/kg diet)
	T3 (Basal diet + 20 mg nano Zn/kg diet)
	T4 (Basal diet + 40 mg nano Zn/kg diet)
	T5 (Basal diet + 60 mg nano Zn/kg diet)
	P-value

	24
	77.37 ± 0.48
	77.05 ± 0.56
	76.87 ± 0.48
	77.43 ± 0.47
	77.57 ± 0.51
	.85

	28
	78.38 ± 0.49
	77.91 ± 0.54
	78.79 ± 0.50
	78.94 ± 0.50
	78.63 ± 0.65
	.69

	32
	79.28 ± 0.45
	79.20 ± 0.71
	78.84 ± 0.54
	78.95 ± 0.49
	77.95 ± 0.57
	.46

	36
	76.65 ± 0.70
	77.55 ± 0.59
	77.45 ± 0.47
	77.73 ± 0.45
	77.33 ± 0.59
	.71

	40
	77.94 ± 0.59
	77.67 ± 0.43
	77.88 ± 0.60
	77.97 ± 0.62
	77.42 ± 0.47
	.95



3.2.2 Shell thickness
The mean period-wise shell thickness of Kuttanad duck eggs in different dietary treatment groups as influenced by ZnO-NPs supplementation is detailed in Table 6.
At the end of the first period (24th week), the mean egg shell thickness in T1, T2, T3, T4 and T5 was 0.353, 0.358, 0.378, 0.376 and 0.371 mm, respectively. The treatments supplemented 20 mg/kg ZnO-NPs (T3) in the diet showed a significantly (P<0.05) higher shell thickness than other treatments (T2, T4 and T5) and the control group. 
At the end of the second period (28th week), the mean egg shell thickness in T1, T2, T3, T4 and T5 was 0.393, 0.427, 0.410, 0.435 and 0.432 mm, respectively, where  T2, T4 and T5 showed significantly (P<0.01) higher values than T3 and the control group. At the end of the third period (32nd week), the mean egg shell thickness in T1, T2, T3, T4 and T5 was 0.443, 0.456, 0.457, 0.476 and 0.469 mm, respectively. T4 and T5 have significantly (P<0.05) higher shell thickness than other treatments (T2 and T3) and the control group. At the end of the fourth period (36th week), the mean eggshell thickness in T1, T2, T3, T4 and T5 was 0.457, 0.458, 0.484, 0.488 and 0.493 mm, respectively.  Treatment 5 (60 mg/kg ZnO-NPs), T4 (40 mg/kg ZnO-NPs) and T3 (20 mg/kg ZnO-NPs) had significantly (P<0.01) higher shell thickness than T2 (80 mg/kg inorganic Zn) and T1 (Control). 
At the end of the fifth period (40th week), the mean egg shell thickness in T1, T2, T3, T4 and T5 was 0.418, 0.438, 0.432, 0.428 and 0.426 mm, respectively, showed no significant difference between the treatment groups.  
	Eggshell thickness differed significantly between the treatment groups, indicating that dietary ZnO-NPs supplementation had a positive effect on shell thickness in breeder Kuttanad ducks except in the final period. The higher efficacy of nano zinc compared to inorganic forms may be attributed to its nanoscale particle size, which provides a greater surface area, improved solubility and enhanced intestinal absorption, thereby facilitating higher bioavailability. This improvement may be attributed to zinc's role as a cofactor in carbonic anhydrase and other metalloenzymes involved in calcium metabolism and eggshell formation. These findings are in agreement with those of Abedini et al. (2017) and Cufadar et al. (2019), who also reported a significant increase in eggshell thickness in layers supplemented with zinc. However, the results contrast with Olgun and Yildiz (2017), who observed no such effect in laying hens, suggesting that the response to zinc may vary depending on species, age, production stage, dosage or form of zinc sources. Shell thickness did not differ significantly between the treatment groups during the later stage of production without affecting shell quality. The general trend observed over the four periods evaluated, showed that the supplementation of dietary ZnO-NPs at dose rate of 40 mg/kg resulted in significantly higher shell thickness.
Table 6. Mean (±SE) shell thickness of Kuttanad duck eggs as influenced by oral supplementation of nano zinc oxide, mm
	Age (weeks)
	T1 (Basal  diet - Control)
	T2 (Basal diet + 80 mg inorganic Zn/kg diet)
	T3 (Basal diet + 20 mg nano Zn/kg diet)
	T4 (Basal diet + 40 mg nano Zn/kg diet)
	T5 (Basal diet + 60 mg nano Zn/kg diet)
	P-value

	24
	0.353c ± 0.008
	0.358bc ± 0.005
	0.378a ± 0.007
	0.376ab ± 0.005
	0.371abc ± 0.006
	.01

	28
	0.393b ± 0.006
	0.427a ± 0.006
	0.410b ± 0.008
	0.435a ± 0.005
	0.432a ± 0.005
	.00

	32
	0.443c ± 0.004
	0.456bc ± 0.006
	0.457bc ± 0.007
	0.476a ± 0.006
	0.469ab ± 0.006
	.01

	36
	0.457b ± 0.006
	0.458b ± 0.008
	0.484a ± 0.008
	0.488a ± 0.006
	0.493a ± 0.005
	.00

	40
	0.418 ± 0.005
	0.438 ±  0.007
	0.432 ± 0.006
	0.428 ± 0.019
	0.426 ± 0.005
	.70


Means with different superscripts in a row differ significantly (P<0.05)
[image: ]
Fig. 1. Shell thickness of Kuttanad duck eggs as influenced by different levels of nano zinc oxide in the diet, mm

3.2.3 Albumen index
The mean period-wise albumen index of Kuttanad duck eggs in different dietary treatment groups as influenced by ZnO-NPs supplementation is mentioned in Table 7.
At the end of the first period (24th week), the mean albumen index of different treatment groups ranged from 0.117 (T4) to 0.119 (T3 and T5) and at the end of the second period (28th week), the mean albumen index of different treatment groups ranged from 0.118 (T1) to 0.120 (T5), showing no significant differences between the treatment groups in both the periods. 
At the end of the third period (32nd week), the mean albumen index of different treatment groups ranged from 0.120 (T1 and T4) to 0.124 (T3) and at the end of the fourth period (36th week), the mean albumen index of different treatment groups ranged from 0.122 (T3 and T5) to 0.126 (T1), showing no significant differences between the treatment groups in both the periods. 
At the end of the fifth period (40th week), the mean albumen index of different treatment groups ranged from 0.123 (T4 and T5) to 0.125 (T1, T2 and T3), showing no significant differences between the treatment groups. 
There were no significant differences in albumen index between the treatment groups, suggesting that dietary ZnO-NPs supplementation did not influence the albumen quality of breeder Kuttanad duck eggs. This observation is consistent with the findings of Yildirim (2017), who also reported no significant effects on albumen quality traits in layers supplemented with zinc.


Table 7. Mean (±SE) albumen index of Kuttanad duck eggs as influenced by oral supplementation of nano zinc oxide
	Age (weeks)
	T1 (Basal  diet - Control)
	T2 (Basal diet + 80 mg inorganic Zn/kg diet)
	T3 (Basal diet + 20 mg nano Zn/kg diet)
	T4 (Basal diet + 40 mg nano Zn/kg diet)
	T5 (Basal diet + 60 mg nano Zn/kg diet)
	P-value

	24
	0.118 ± 0.002
	0.118 ± 0.001
	0.119 ± 0.002
	0.117 ± 0.002
	0.119 ± 0.002
	.89

	28
	0.118 ± 0.002
	0.119 ± 0.001
	0.119 ± 0.002
	0.119 ± 0.002
	0.120 ± 0.001
	.91

	32
	0.120 ± 0.001
	0.123 ± 0.001
	0.124 ± 0.002
	0.120 ± 0.002
	0.122 ± 0.002
	.52

	36
	0.126 ± 0.002
	0.123 ± 0.001
	0.122 ± 0.001
	0.125 ± 0.002
	0.122 ± 0.001
	.16

	40
	0.125 ± 0.001
	0.125 ± 0.002
	0.125 ± 0.002
	0.123 ± 0.002
	0.123 ± 0.002
	.81



3.2.4 Yolk index
The mean period-wise yolk index of Kuttanad duck eggs in different dietary treatment groups as influenced by ZnO-NPs supplementation is mentioned in Table 8.
At the end of the first period (24th week), the mean yolk index of different treatment groups ranged from 0.375 (T1) to 0.388 (T2) and at the end of the second period (28th week), the mean yolk index of different treatment groups ranged from 0.394 (T5) to 0.411 (T2), showing no significant differences between the treatment groups in both the periods. 
At the end of the third period (32nd week), the mean yolk index of different treatment groups ranged from 0.398 (T1) to 0.413 (T3) and at the end of the fourth period (36th week), the mean yolk index of different treatment groups ranged from 0.391 (T1) to 0.401 (T2), showing no significant differences between the treatment groups in both the periods. 
At the end of the fifth period (40th week), the mean yolk index of different treatment groups ranged from 0.391 (T1) to 0.417 (T5), showing no significant differences between the treatment groups. 
The yolk index did not differ significantly between the treatment groups, indicating that dietary ZnO-NPs supplementation did not affect yolk quality in breeder Kuttanad ducks. These findings are in agreement with those of Fawaz et al. (2019), who reported no changes in yolk index in laying hens supplemented with zinc.
Table 8. Mean (±SE) yolk index of Kuttanad duck eggs as influenced by oral supplementation of nano zinc oxide
	Age (weeks)
	T1 (Basal  diet - Control)
	T2 (Basal diet + 80 mg inorganic Zn/kg diet)
	T3 (Basal diet + 20 mg nano Zn/kg diet)
	T4 (Basal diet + 40 mg nano Zn/kg diet)
	T5 (Basal diet + 60 mg nano Zn/kg diet)
	P-value

	24
	0.375 ± 0.005
	0.388 ± 0.008
	0.382 ± 0.007
	0.380 ± 0.004
	0.377 ± 0.005
	.58

	28
	0.407 ± 0.007
	0.411 ± 0.008
	0.409 ± 0.008
	0.405 ± 0.007 
	0.394 ± 0.008
	.50

	32
	0.398 ± 0.005
	0.408 ± 0.006
	0 .413 ± 0.004
	0.406 ± 0.004 
	0.408 ± 0.004 
	.19

	36
	0.391 ± 0.004
	0.401 ± 0.005 
	0.395 ± 0.004 
	0.399 ± 0.004 
	0.394 ± 0.004  
	.56

	40
	0.391 ± 0.017
	0.405 ± 0.005 
	0.410 ± 0.007 
	0.413 ± 0.006 
	0.417 ± 0.004  
	.36



4. Conclusion
[bookmark: _Hlk203378826][bookmark: _Hlk203387168]The present study evaluated the impact of dietary supplementation of zinc oxide nanoparticles (ZnO-NPs) on egg quality traits in ducks. This study suggests that inclusion of ZnO-NPs at 40 and 60 mg/kg resulted in a significant improvement in eggshell thickness, indicating better shell strength. Other parameters, including egg weight, shape index, albumen quality and yolk characteristics, were not significantly influenced. The enhancement in shell quality indicates that ZnO-NPs, even at lower dietary levels, may improve shell integrity, thereby reducing egg breakage. This could lead to a higher proportion of marketable eggs and improved economic returns for duck farmers by the reduction of breakage of eggs. Since the present study was conducted during the initial laying phase of native Kuttanad ducks, further long-term investigations are necessary to evaluate the sustained effects of ZnO-NPs on egg quality traits.
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