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Abstract. Phyto-Carotenoids act as natural colour pigments in a wide 

variety of plants which are responsible for the yellow, orange, and red hues 

found in fruits, vegetables, and flowers. This study aimed to evaluate the 

effect of carotenoids as natural yolk colorants, such as paprika raw meal and 

marigold flower raw meal on performance, the quail egg quality, and 

carotenoid content in the yolk. A total of 180 quails were divided into 3 

treatment groups with different levels of carotenoid supplementation, as 

follows: control group, 2% paprika and 2 % marigold flower.  Parameters 

observed included egg production performance, yolk colour intensity, yolk 

carotenoid concentration, and overall egg quality traits such as shell 

thickness, albumen height, and Haugh unit. The results demonstrated that 

carotenoid supplementation significantly improved yolk pigmentation and 

carotenoid deposition without adverse effects on production performance. 

Moreover, egg quality indicators such as yolk colour score and antioxidant 

capacity were enhanced in the supplemented groups compared to the control. 

These results suggest that paprika and marigold extracts are effective in 

improving yolk colour and maintaining egg quality without compromising 

performance. 

1 Introduction 

The eggs are a highly nutritious food that provide essential elements for consumers such as 

fatty acids, vitamins, minerals, and protein. The use of eggs as a functional food to prevent 

stunting is widely practiced, especially to design nutritional content in eggs such as increasing 

levels of omega-3 fatty acids and antioxidants. Although yolk colour does not directly 

determine the nutritional composition of eggs [1,2], consumers often perceive deeper yellow 

or golden-orange yolks as indicators of freshness and better quality, often linked with higher 

carotenoid levels. 
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Corn (maize) serve as the major dietary source of xanthophylls, primarily lutein and 

zeaxanthin that determine yellow/orange yolk pigmentation. However, carotenoid content in 

maize and other feedstuffs fluctuates with cultivar, agronomic conditions, post-harvest 

handling, and seasonal variation. Because poultry cannot synthesize xanthophylls de novo 

and depend entirely on dietary intake to deposit these pigments in the yolk, variability in feed 

pigment concentration poses a challenge to maintaining consistent yolk colour [3] and 

consumer acceptability [4].  

 Synthetic yolk colourant has long been the substances of choice in the poultry industry 

because they provide consistently predictable results and high product stability. 

Canthaxanthin is the most commonly used synthetic pigment as a commercial colourant 

source [5]. However, some research data suggests that these substances can have negative 

impacts on human health [4]. Increasing consumer awareness about the use of synthetic 

pigments requires the availability of natural pigment sources that are safe for health. 

Carotenoids are fat-soluble pigments produced by plants and microorganisms that not only 

provide colour but also serve as precursors of provitamin A and act as potent antioxidants. 

Their biological activities include enhancing immune function, supporting visual health, and 

protecting tissues from oxidative damage [6]. Their antioxidant properties are particularly 

relevant: dietary carotenoids can scavenge reactive oxygen species and improve oxidative 

stability in biological tissues and food products, thereby contributing to human health 

benefits and to the oxidative stability of eggs during storage.  

 Supplementation of poultry diets with phytogenic carotenoid sources e.g., marigold, and 

paprika, has been shown to increase yolk pigment deposition, enhance yolk antioxidant 

capacity, and in some cases improve shelf-life and sensory attributes of eggs without 

adversely affecting production performance when applied appropriately. The inclusion of 

natural carotenoid-rich ingredients, such as marigold petals and paprika, in poultry feed can 

improve yolk pigmentation, strengthen antioxidant status, and prolong egg freshness without 

negatively affecting performance [7] However, most existing studies have focused on 

commercial poultry species such as laying hens, while data on Japanese quails (Coturnix 

japonica) notably regarding the interaction between pigment deposition, antioxidant 

enrichment, and yolk oxidative stability, remain scarce. This gap highlights the need for 

further investigation into the utilization of indigenous carotenoid-rich feed additives and their 

optimization in quail.  

 This study aims to explore the effect of phyto-carotenoid supplementation using paprika 

and marigold powder on yolk coloration, carotenoid deposition, and egg quality in Japanese 

quails feed formulations to enhance yolk pigmentation and nutritional quality. 

  

2 Materials and Methods 

2.1 Animal Ethical Clearance 

All experimental procedures were conducted in accordance with the institutional guidelines 

for animal care and use and were approved by the Animal Ethics Committee of Politeknik 

Negeri Jember, East Java, Indonesia (Protocol No. XX/23 September 2025). 
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2.2 Preparation of Phyto-carotenoid Powder  

Marigold flowers (Tagetes erecta L.) were obtained from local horticultural farms in 

Bedugul, Bali, while red paprika fruits (Capsicum annuum) were purchased from Malang, 

East Java. The raw materials were washed, air-dried to approximately 10% moisture content, 

and then ground into fine powder. The resulting Phyto-carotenoid powders (marigold and 

paprika) were stored at room temperature in airtight containers until further use. A similar 

preparation approach has been previously described for plant-based carotenoid 

supplementation in poultry diets [8,9]. 

2.3  Experimental Animals, Housing, and Diets  

The study was conducted over a 6-week period using 180 Japanese quails. The experimental 

diets were administered from 14 to 42 days of age (grower to early layer phase). At the start 

of the trial, quails had an average body weight of 42.28±.44 g/hens. The birds were randomly 

assigned to battery cages under standard environmental conditions, with ad libitum access to 

feed and water. 

 The basal diet consisted of a commercial quail starter feed (New-Hope, Indonesia), with 

a crude protein level of approximately 22% and metabolizable energy of 2900 kcal/kg. The 

feed composition was consistent with standard nutritional recommendations for quail diets 

[10]. 

2.4 Experimental Design  

A completely randomized design (CRD) was employed, consisting of three dietary 

treatments with six replicates per treatment, and ten birds per replicate (n = 60 birds per 

treatment). The dietary treatments were as follows: 

P1 = Basal diet without Phyto-carotenoid supplementation (control) 

P2 = Basal diet + 2% marigold powder 

P3 = Basal diet + 2% paprika powder 

 Phyto-carotenoid supplementation was applied from the grower phase until the onset of 

laying (14–42 days of age). 

2.5 Growth Performance and Egg Quality Measurements  

Growth performance was monitored by recording body weight weekly and daily feed intake 

to calculate feed conversion ratio (FCR). 

 Egg quality measurements were conducted on a total of 72 eggs collected during the 

second week of laying. From each replicate, three eggs were randomly selected for analysis. 

The following parameters were measured: egg weight, yolk weight, shell weight, yolk index, 

albumen index, shell thickness, and Haugh unit. Yolk color was evaluated using the color of 

the egg yolks was determined visually with RYCF (Hoffmann La Roche Ltd, Basel, 

Switzerland), which is a scale of colours ranging from 15, dark orange to 1, light pale which 

provides a standardized scale for yolk pigmentation assessment [11].  

2.6 Statistical Analysis  

Data were analyzed using one-way analysis of variance (ANOVA) according to the 

completely randomized design. Significance was declared at p < 0.05, means were separated 

using the Least Significant Difference (LSD) test to identify pairwise differences among 

treatments. All statistical analyses were performed using SPSS (version 27, IBM Corp., 
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Armonk, NY, USA) statistical software. The analytical approach followed standard 

recommendations for poultry nutrition studies. 

3 Results and Discussion  

3.1 Antioxidant Activity of Experimental Diets subsection 

The antioxidant activity of the experimental diets was determined using the DPPH (2,2-

diphenyl-1-picrylhydrazyl) radical scavenging method, expressed either as percentage 

inhibition or IC₅₀ values. A higher inhibition percentage or a lower IC₅₀ value indicates 

stronger antioxidant activity. 

 
Table 1.  Antioxidant activity of diet 

No. Diet with- 
Average 

absorbance 
% Inhibition 

1. Additive paprika 0.452 54.56 

2. Additive marigold 0.368 63.06 

3. Control 0.411 58.90 

   
The results revealed that diets supplemented with marigold powder exhibited 63.06% 

inhibition, whereas those supplemented with paprika showed 54.55% inhibition (Table 1). 

This indicates that marigold-supplemented diets had stronger antioxidant capacity compared 

to paprika. The higher antioxidant activity of marigold is consistent with its well-documented 

richness in lutein and other xanthophylls, which possess strong radical-scavenging properties 

[12]. In contrast, paprika, while also containing carotenoids such as capsanthin and β-

carotene, may provide relatively lower antioxidant activity under the tested conditions. 

The findings highlights that inclusion of Phyto-carotenoids in poultry diets not only 

improves pigmentation but may also enhance the oxidative stability of both feeds and eggs, 

which could positively influence both bird health and the oxidative status of eggs [13] 

3.2 Growth Performance  

3.2.1 Feed Intake  

Average feed intake of quails from 14 to 42 days of age is presented in Table 2. Statistical 

analysis indicated that dietary supplementation with marigold or paprika Phyto-carotenoids 

did not significantly affect feed intake (p > 0.05). The cumulative feed intake ranged between 

556.08 ± 13.07 g/hen and 560.37 ± 23.75 g/hen across treatments. 

The lack of significant differences suggests that the addition of Phyto-carotenoid powders 

did not alter feed palatability or energy balance. Previous studies reported that feed intake in 

poultry is primarily regulated by dietary metabolizable energy content rather than minor 

variations in feed flavour or colour [14]. Our results align with those observations, 

confirming that carotenoid inclusion does not negatively impact palatability [15]. 
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Table 2. Average Feed Consumption During Grower Period (g/hen) 

Treatment Weeks Cumulative 

3 4 5 6 

P0 (0%, basal) 15.80±0.00 19.45±1.17 21.55±1.53 23.31±1.53 560.37±23.75 

P1 (2% paprika) 15.83±0.25 18.94±0.38 21.82±0.98 22.83±0.76 556.08±13.07 

P2 (2% marigold) 15.71±0.29 19.10±0.80 22.12±0.93 23.26±0.76 559.23±14.94 

 

3.2.2 Body Weight Gain   

Body weight gain results in Table 3 demonstrated no significant differences among 

treatments (p > 0.05). Cumulative body weight gain ranged from 129.91 ± 7.23 g (marigold) 

to 132.48 ± 5.80 g (paprika), values comparable to the control group (132.31 ± 4.61 g). 

 As expected, similar feed intake resulted in similar body weight gain across treatments. 

This is consistent with previous findings that feed consumption is the main driver of growth 

performance in quails [15]. Thus, Phyto-carotenoid supplementation did not adversely affect 

nutrient utilization or growth efficiency. 

 
Table 3.  Average body weight gain during the grower period (g/hen) 

Treatment Weeks Cumulative 

3 4 5 6 

P0 (0%, basal) 44.13±2.19 38.08±3.29 29.92±3.79 20.16±4.25 132.31±4.61 

P1 (2% paprika) 42.28±.44 38.15±2.23 29.62±3.28 19.85±4.76 129.91±7.23 

P2 (2% marigold) 41.06±4.31 41.20±6.34 25.43±3.65 23.26±4.57 132.48±5.80 

 

3.2.3 Feed Conversion Ratio (FCR) 

Feed conversion ratios (Table 4) also showed no significant differences (p > 0.05), with 

cumulative values ranging between 4.25 to 4.28. These values are within the reported range 

for Japanese quail under standard rearing conditions [[16]. 

 FCR reflects the efficiency of converting feed into body weight gain or eggs, and is 

influenced by digestibility, nutrient balance, and growth rate. The absence of significant 

differences indicates that Phyto-carotenoid inclusion did not impair feed efficiency, 

corroborating earlier studies where plant-based carotenoid supplementation did not 

negatively influence quail production metrics [8]. 
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Table 4.  Average feed conversion ratio 

Treatment week Cumulative 

3 4 5 6 

P0 (0%, basal) 2.48±0.12 3.57±0.19 5.11±0.73 8.48±2.12 4.25±0.23 

P1 (2% marigold) 2.63±0.19 3.48±0.17 5.20±0.59 8.51±2.29 4.28±0.21 

P2 (2% paprika) 2.73±0.36 3.28±0.35 6.21±1.12 6.72±0.96 4.25±0.12 

 

3.2.4 Egg physical quality  

Egg quality parameters are presented in Table 5, have no significant differences (p > 0.05) 

were observed for egg weight, yolk weight, albumen index, yolk index, shell weight, shell 

thickness, or Haugh unit. However, yolk colour scores differed significantly among 

treatments. Birds receiving marigold and paprika diets produced eggs with more intense yolk 

pigmentation than those from the control group. 

 
Table 5.  Physical characteristic of the quail eggs 

 P0 (0% basal) P1 (2% paprika) P2 (2% marigold) 

Egg weight (g) 9.67±0.53 9.44±0.62 9.45±0.67 

Albumen Index 0.12±0.04 0.12±0.01 0.13±0.03 

Yolk Index 0.34±0,04 0.34±0,52 0.38±0,05 

Yolk wight (g) 2.61±0,29 2.55±0,27 2.44±0,25 

Egg shell weight (g) 1.39±0.09 1.28±0.12 1.29±0.22 

Thick egg shell (mm) 0.04±0.01a 0.03±0.12b 0.04±0.01a 

Haugh Unit 61.28±1.36 61.51±0.78 61.45±1.53 

RYCF  4.87±0.81a 12.83±0.99c 8.5±1.29b 

 abc superscript letter in the same column indicate a significant different (p<0.05)  
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Fig. 1. Egg colour with different Phyto-carotenoid 

 
Quails fed marigold- and paprika-supplemented diets had markedly higher yolk colour scores 

(8.5 ± 1.29 and 12.83 ± 0.99, respectively) compared to the control (4.87 ± 0.81). This 

confirms that dietary carotenoids are effectively deposited in yolk, enhancing pigmentation 

intensity. Similar findings have been widely reported in laying hens, where carotenoid-rich 

feed additives increased yolk pigmentation without compromising other egg quality traits 

[15,17,18]. 

Interestingly, paprika supplementation resulted in a higher yolk colour score than 

marigold, despite marigold demonstrating stronger antioxidant activity. This suggests 

differential deposition efficiency and pigment profiles between xanthophylls 

(lutein/zeaxanthin in marigold) and capsanthin/β-carotene in paprika. Such differences have 

also been highlighted in recent studies comparing natural pigment sources [13,15,19]. 

4 Conclusion  

It can be concluded that supplementation with marigold and paprika significantly enhanced 

yolk colour intensity, with paprika showing the strongest pigmentation effect. These findings 

suggest that Phyto-carotenoids can be effectively used as natural feed additives to improve 

yolk pigmentation and antioxidant properties without compromising growth performance or 

egg quality. 
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