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Abstract. The study evaluated the effect of Azolla pinnata and Spirulina
platensis-based green concentrates on quail (Coturnix japonica) egg quality.
A completely randomized design was employed with three treatments: PO
(control), P1 (10% Azolla), and P2 (10% Azolla + 0.1% Spirulina), each
with five replicates. Results indicated that while egg weight and Haugh Unit
remained unaffected (p>0.05), yolk colour score was significantly enhanced
(p<0.05) in P2 compared to the control. The study This study concludes that
the strategic combination of 10% Azolla pinnata and 0.1% Spirulina
platensis effectively enhances quail egg yolk pigmentation without
compromising egg weight or internal quality. These findings imply that this
green concentrate formulation offers a viable, natural nutritional strategy for
poultry producers to improve egg marketability by meeting consumer
preferences for deeper yolk colour, potentially adding economic value
without relying on synthetic pigments.

1 Introduction

Quails are one of the poultry species that have been popularly bred by Indonesian farmers.
The species (Coturnix japonica) is the most widely used quail species in Indonesia and is
widely accepted as a source of meat and eggs. Quail productivity can reach 250-300
eggs/year with an average weight of 10 g/egg [1].

Feed is given to quails to meet their daily needs, so that their basic needs are fulfilled and
they can produce eggs. Complete and sufficient feed to meet the needs of quails is the most
important aspect in quail care. The requirements for good feed are that it does not cause
disease, is safe for consumption and can be digested by livestock. Feed costs can reach 60-
80% of total production costs [2]. Therefore, it is important to find alternative feed
ingredients that are more economical, readily available, and sustainably sourced. One such
alternative feed ingredient that is readily available and sustainably sourced is azolla. Azolla
pinnata is an aquatic plant that has potential as a supplementary feed ingredient for poultry
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due to its good nutritional content [3]. In Jember, the price of 1 kg of ready-to-harvest azolla
is Rp300. Meanwhile, to produce 1 kg of azolla powder, 10 kg of fresh azolla is required, so
the price of 1 kg of azolla powder is around Rp3000.

The colour of eggs is one of the main considerations for consumers when purchasing eggs.
Most consumers prefer eggs with a golden yellow/reddish yellow colour. On the other hand,
if the yolk appears pale, consumers tend to dislike it and consider it less tasty and less
nutritious. The colour of quail egg yolks can be enhanced by feeding them a diet rich in colour
pigments. One feed additive that can be used as a source of egg pigmentation is Spirulina
platensis [4]. Based on the above description, it is necessary to conduct research on the
addition of Azolla pinnata as an alternative feed and Spirulina platensis as a feed additive,
which is expected to improve the quality of quail eggs.

2 Materials and Methods

The research was conducted from August to September 2025 at the poultry house of
Politeknik Negeri Jember.

2.1 Materials

The equipment used in this study consisted of tarpaulin pools, battery cages, feeders,
drinkers, digital scales, ovens, oven trays, egg trays, blenders, measuring cups, yolk colour
fans, buckets, plastic, glass, calipers, basins, recording books, label paper and writing
instruments. The materials used in the study included: 8-week-old female quails, quail layer
concentrate, corn, rice bran, palm oil, Azolla pinnata powder, Spirulina platensis, AB mix
fertilizer, disinfectant, detergent, lime, husks, premix, vitamins and medicines.

2.2 Methods

The feeding trial was conducted for 6 weeks. The housing condition was used open house
system. With temperatures between 25 — 29°C and cage humidity between 67 — 79%. This
study used a completely randomized design (CRD) with quails, consisting of three treatments
and six replicates, each replicate consisting of three quails, with the following percentage
combinations of Azolla pinnata and Spirulina platensis flour in the feed.

PO = a complete feed without Azolla pinnata and Spirulina platensis powder (control).

P1 = a complete feed containing 10% Azolla pinnata powder.

P2 = a complete feed containing 10% Azolla pinnata powder and 0.1% Spirulina platensis.
Feed was administered at a rate of 25 g/quail/day and drinking water was provided ad libitum.
Azolla is obtained from cultivation in tarpaulin ponds around quail research pens. Egg
weight, Haugh unit, and egg yolk colour were observed. Egg yolk colour was determined
using a yolk colour fan to transform qualitative visual assessment into quantitative data. The
procedure involved separating the yolk from the albumen and placing it on a flat white
background to minimize colour bias. The yolk colour was then visually compared against the
15 standard colour blades of the fan under consistent lighting conditions. Each blade
corresponds to a numerical score ranging from 1 (pale yellow) to 15 (dark orange). The score
of the blade that most closely matched the yolk colour was recorded as the quantitative value
for that sample. Tables below show the proportion of feed ingredients (Table 1) and nutrient
content (Table 2) of the feed administered.
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Table 1. Feed ingredients

Feed Ingredients PO (%) | P1 (%) | P2 (%)

Corn 57 53.5 53.5
Quail layer concentrate 37 28.5 28.5
Rice brand 3 10 10
Premix 1 1 1
Palm oil 2 2 2
Azolla flour 0 10 10
Spirulina 0 0 0,1
Total 100 100 100

Table 2. Feed nutrient content

Nutrien PO P1 P2
Crude protein (%) 19.41 19.26 19.26
Crude fat (%) 4.23 4.23 423
Crude fiber (%) 3.72 4.39 4.39

Metabolite energy (kkal’kg) | 2915.70 | 2907.09 | 2907.09

Ca (%) 2.21 2.67 2.67

P (%) 0.62 0.65 0.65

The parameters observed included egg weight and Haugh unit [4], and egg yolk colour.
Data analysis in this study used a completely randomised design (CRD) with a one-way
pattern. The data was then processed using SPSS version 20 (Statistical Package for the
Social Sciences). If there was data showing significant differences, it was further analysed
using the Duncan Multiple Range Test (DMRT). Significant differences in this study were
determined based on a probability of less than 5%.

3 Results and Discussion

The results of the study on the addition of Azolla pinnata and Spirulina platensis to egg
weight, Haugh unit, and yolk colour in quails can be seen in Table 3.
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Table 3. Egg weight, Haugh unit, and yolk colour of quail eggs with the addition of Azolla pinnata
and Spirulina platensis (gram)

Treatment

Parameter
PO P1 P2

Egg weight | 11.48£0.46™ | 10.83+0.87% | 11.47+0.89"

Haugh Unit 58.07+1.39™ 57.91£2.23™ 56.83+1.56™

Egg yolk

7.42+0.86° 10.17+0.752 10.25+0.822
colour

Note:

ab Different superscripts on the same line indicate significant differences (P<0.05).

" = Same superscripts on the same row indicate no significant difference (P>0.05).

PO: a complete feed without Azolla pinnata and Spirulina platensis, P1: a complete feed containing
10% Azolla pinnata, P2: a complete feed containing 10% Azolla pinnata and 0.1% Spirulina platensis

3.1 Egg weight

Table 3.1 shows that the addition of Azolla pinnata and Spirulina platensis in the ration had
no significant effect (P>0.05) on egg weight. Egg weight is influenced by feed quality, such
as protein content. Protein and amino acids are the nutrients that play the most important role
in controlling egg size and egg productivity[5]. The crude protein content in the feed ration
given to the control group and the treatment group was not different, so the weight of the
quail eggs produced was also not significantly different.

Factors affecting egg weight include hormones, age, and protein consumption [6]. In
addition, egg weight is also influenced by the size of the quail's body. Quail eggs weigh 7%
to 8% of the quail's weight, ranging from 7 to 11 grams per egg [7]. The egg weight results
obtained in the study were classified as good, with a good egg weight ranging from 8 to 11.91
grams per egg [6].

3.2 Haugh unit

The results of research on the addition of Azolla pinnata and Spirulina platensis flour to the
Haugh unit of quail eggs can be seen in Table 3.1. Based on Table 3.1, the addition of Azolla
pinnata and Spirulina platensis to the ration had no significant effect (P>0.05) on the Haugh
unit of eggs. Egg quality can be measured based on the HU (Haugh Unit) value, which is
determined by the height of the albumen. The higher the HU value, the higher the albumen,
indicating better egg quality and suggesting that the eggs are fresh or newly laid [8].

The Haugh unit of an egg is influenced by the condition of the egg white, namely
the correlation between the weight of the egg (grams) and the height of the egg albumen
(mm). Protein deficiency can result in a decrease in egg size and the amount of egg albumen
[4]. The height of the egg whites was also influenced by the protein content in the feed,
whereas the protein content of each treatment in the ration did not differ significantly, so the
addition of Azolla and Spirulina had no significant effect.

HU values are categorized into four grades : AA quality eggs have an HU value >72, A
quality eggs have an HU value of 60-72, B quality eggs have an HU value of 31-60, and C
quality eggs have an HU value <31 [9]. The Haugh Unit value from this study is classified
as grade B. A decrease in Haugh Unit value can occur due to changes in temperature,
increased humidity causing the loss of carbon dioxide (CO2), and the length of time the eggs
are stored. The longer they are stored, the more the Haugh Unit value will decrease. This
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occurs due to the evaporation of CO2 gas, which causes the thick egg white to become thin
[10].

3.3 Egg yolk colour

The results of the study on the addition of Azolla pinnata and Spirulina platensis to the yolk
colour of quail eggs can be seen in Table 3.1. Table 3.1 shows that the addition of Azolla
pinnata and Spirulina platensis to the feed had a significant effect (P<0.05) on the yolk colour.
These results indicate that the addition of Azolla pinnata and Spirulina platensis can affect
egg quality colour, due to the high content of carotenoid compounds in Azolla pinnata and
Spirulina platensis. Feed affects the colour of egg yolks, namely feed ingredients that contain
carotenoid pigments, especially f-carotene and xanthophyll pigments [8].

Spirulina platensis contains carotenoids and xanthophylls as sources of pigment. The
administration of carotenoids in appropriate and continuous doses can produce the desired
yellow colour [4]. Azolla pinnata also contains beta-carotene and vitamin A [11]. The yellow
colour of eggs is determined by feed containing carotenoids, which have a structure like
vitamin A. Carotenoids are natural pigments and are widely known for their colours,
especially yellow, orange and red. Carotenoids are abundant in xanthophyll pigments. If the
feed contains more carotene, namely xanthophyll, the yellow colour of the egg will be more
orange red [12]. The significant improvement in yolk colour score observed in Treatment P2
aligns with recent findings by [13], who reported that carotenoids in Spirulina are efficiently
transferred to the ovarian follicles. Furthermore, [14] confirmed that Spirulina
supplementation in quail diets specifically enhances yolk pigmentation without detrimental
effects on internal quality parameters like Haugh Unit. Although Azolla pinnata alone (P1)
contributes to yolk coloration due to its xanthophyll content [15], the combination with
Spirulina (P2) provides a more intense pigmentation, likely due to the synergistic profile of
bioactive compounds that also support physiological homeostasis in quails [16].

One factor used to assess egg quality is the colour of the yolk. The yolk colour in this
study is shown in Figure 1. The yolk colour plays an important role in the control group (P0),
which shows a pale yellow colour, while the yolk colour in groups P1 and P2 shows a more
intense yellow (orange) colour. The increase in yolk colour is due to the carotenoid content
in the treatment material. The colour of the egg yolk is determined by a diet containing
carotenoids, whereby poultry that consume higher levels of carotenoid pigments will produce
egg yolks with a higher colour intensity [12].

w

PO Pl P2
Fig. 1. Egg yolk colour
Note : PO: a complete feed without Azolla pinnata dan Spirulina platensis.

P1: a complete feed containing 10% Azolla pinnata
P2: a complete feed containing 10% Azolla pinnata and 0,1% Spirulina platensis.



BIO Web of Conferences 210, 03003 (2026) https://doi.org/10.1051/bioconf/202621003003
ICoFA 2025

The finding that adding 10% Azolla pinnata and 0.1% Spirulina platensis significantly
improves egg yolk colour scores has important practical implications for quail farmers. Egg
yolk colour is a primary consideration for consumers when purchasing eggs, with most
consumers preferring a golden yellow or reddish yellow colour. The increase in egg yolk
colour score from treatments P1 and P2 compared to the control (P0) indicates that these
green concentrates successfully meet market preferences.

4 Conclusion

This study concludes that the strategic combination of 10% Azolla pinnata and 0.1%
Spirulina platensis effectively enhances quail egg yolk pigmentation without compromising
egg weight or internal quality. These findings imply that this green concentrate formulation
offers a viable, natural nutritional strategy for poultry producers to improve egg marketability
by meeting consumer preferences for deeper yolk colour, potentially adding economic value
without relying on synthetic pigments.

The authors would like to express their gratitude to P3M Politeknik Negeri Jember for funding this
research through the 2025 PNBP fund with contract number 0918/PL17.4/PG/2025.
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