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INTRODUCTION 

Global demand for poultry meat and eggs increases 
along with the increasing human population, 

economic growth, and public awareness of the importance 
of health (Zadeh et al., 2019). The growth period of quail 
is an important phase for good performance and product 
quality (Elnesr et al., 2019). Fish meal is still used as the 
main source of poultry feed to meet protein needs, because 
it contains high protein and easily digested by the body and 
contains essential amino acids, especially sulfur-containing 
amino acids, namely lysine which has high biological value 

in physiological and metabolism of poultry. because the 
price is still expensive, thus increasing costs for feed (FAO, 
2013). It is necessary to do some research to replace a fish 
meal with other ingredients without a negative impact on 
the performance of poultry.

Quail is widely used for meat and eggs in many regions, 
especially Asia, namely China and India, and Europe, 
namely Spain and France (Bertechini, 2012; El-Daly et al., 
2013). Quail has a small size, fast growth, and high level 
of productivity, quail is very suitable to be developed on a 
small scale as well as large-scale commercial production 
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(Shanaway, 1994). There is no information and data 
regarding the statistical data on quail egg production in the 
world because it is often combined with other poultry, but 
some data notes that the production of quail from several 
countries in the world is quite significant (Kumari et al., 
2008). In 2008 Japan produced 5.9 million eggs from 112 
farms and China in 2009 reported a population of laying 
quails reach 300 million (da Cunha, 2009). Meanwhile in 
Indonesia, the population continues to increase, in 2016 
the population was around 13,932,649 quails and in 2020 
increase to 14,819,755 quails Directorate General of 
Livestock and Animal Health (2020).

The aspect used to measure egg quality is physical 
characteristics such as shell thickness, egg shape, egg weight, 
and other factors that support consumer preferences in 
choosing eggs is yolk color. The quality of the eggs needs 
to be improved to meet consumer standards. Many studies 
have been conducted to improve egg quality such as the 
feed manipulation method (Sugiura et al., 2009).

Eggs are an important component in food, able to 
meet 13% of the daily protein needs of adults and 25% 
of children. Also, it contains essential nutrients for vital 
functions such as lipids, vitamins, and minerals (Grela 
et al., 2014). According to Bologa et al. (2013), some 
egg quality in terms of chemical, physical and biological 
value is influenced by many factors such as species, laying 
conditions, storage processes, and feed ingredients. In this 
context, the substitution of feed ingredients can change 
the quality of animal products, to produce eggs with good 
quality in terms of physical and nutritional content.

Quail eggs are one of the most efficient sources of animal 
protein with an average weight of 6-16g (Sezer, 2007). 
According to Kumai et al. (2008), the composition of 
quail eggs contains 56.83% albumin, 34.61% egg yolk, and 
8.56% eggshell. Quail eggs are rich in amino acids and 
minerals such as calcium, phosphorus, and iron (Tolik et 
al., 2014). Japanese quail farming offers the potential for 
world meat and egg production, because of its high protein 
quality and low calories in meat and eggs when compared 
to other poultry (Runjaic et al., 2010; El-Daly et al., 2013). 

According to Machal and Simeonovová (2002), with the 
increasing age of quail, egg production will decrease, egg 
weight increases, and the composition and thickness of the 
shell changes. The increase in egg weight ratio can be up 
to 20%. However, there was no proportional increase in 
shell weight because calcium was distributed over a wider 
shell surface. Old laying quail absorbs less calcium due to 
reduced calcium retention in the intestine and increased 
bone calcium mobilization, leading to the production of 
eggs with thinner or more fragile shells.

Quail feed consists of several types of feed ingredients, 
including protein sources such as fish meal and soybean 
meal, which are still relatively expensive. According to the 
Directorate General of PPHP (2014) in 2013, Indonesia 
has imported more than 3.53 million tons of soybean meal. 
This condition will continue in line with the increase in 
the poultry population every year. This is a challenge for 
researchers to explore finding other feed ingredients as 
a cheaper feed substitute, has abundant availability, and 
does not compete with human needs. Waste-based feed or 
waste product has recently been studied for poultry feed 
ingredients, especially waste that still contains sufficient 
protein. However, no one study has used kangkong seeds 
as a feed ingredient.

Kangkung is a vegetable favored by the population of 
many Asian countries, with high demand, automatically 
its seeds will be produced continuously and produce a 
waste product that available throughout the year. The 
waste of kangkong seeds contains 13.46% crude protein 
and 16% crude fiber whose quality can still be improved 
by fermentation. According to Aro (2008) fermentation is 
a technology often used in modifying the biological value 
of a material to increase protein and reduce anti-nutrients 
as well as crude fiber. Thus, this comparative study of feed 
ingredients aims to obtain cheap feed ingredients with 
good quality.

MATERIALS AND METHODS 

sourcEs And PrEPArAtion of rAw mAtEriAls
Land spinach seeds used in this study originated from 
a local seed factory. The seeds then dried under the sun 
for 3 days or until the weight was constant. Dried seed 
then grounded with a disk mill machine to produce the 
kangkung seed meal (KS) (0.87 mm in diameter in average) 
(Benedetti et al., 2011) (Figure 1).

 

  

Biji kangkung kualitas bagus 

(Mangkoko, 2015) 

Limbah biji Kangkng 

 

Figure 1: Kangkong seed and grounded kangkong seed.

thE fErmEntAtion ProcEss of KAngKong sEEd
Kangkong seed meal was steamed for 30 minutes then 
cooled under room temperature. About 100 grams of KS 
was kept inside the plastic bag and watered until all powder 
was homogenously wet then dried at room temperature. 
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The Rhizopus oligosporus fungus inoculated with the dosage 
of 0.3 gram / 100 grams of material and kept for 72 hours 
at room temperature (average temperature 27oC and rH 
80%). The process was conducted until all KS covered by 
hypha of R. oligosporus (Figure 2). The fermented product 
(kangkong seed meal fermentation, KSF) were kept inside 
refrigerator (average temperature 3oC) prior utilization as 
part of ration.

Figure 2: Kangkong seed tempeh (1) Kangkong seed 
tempeh was wrapped in transparant plastic in cuboid 
shape; (2) Tempeh were compact and easily to sliced.

ExPErimEntAl dEsign
This study used 30-day old quail. Quails were subject of 
the completely randomized feeding experiment design 
consisted of 8 groups of feed ration. Each group replicated 
5 times with 12 quails for each replication. 

QuAil fEEding triAl
Two different types of rations were used, namely kangkong 
seed meal (KS) and rations containing kangkong seed meal 
fermentation (KSF). The nutritional and energy content of 
the rations was adjusted to the standards recommended by 
NRC (1994) which contains 20% protein and 2900 Kcal/
kg energy (Table 1). 

The cage is equipped with a container for feed, drinking 
water, and egg. Drinking water was given ad libitum while 
the quail provided with 22 gram feeding material / quail/ 
day (NRC, 1994).

obsErvAtion PArAmEtErs
The parameters observed were production performance 
and the physical quality of eggs. Production performance 
includes daily egg production (%), egg mass, feed 
consumption, and feed conversion. The percentage of egg 
production was calculated by the equation used by Zahra 
et al. (2012). Feed consumption was calculated every day. 
Based on the method used by Maknun et al. (2015) feed 
consumption was calculated by reducing the feed given 
with the feed leftover. Feed conversion was calculated by 

dividing feed consumption (kg) by the number of eggs 
produced (kg). Egg quality testing was done by analyzing 
haugh units, egg yolk color, shape index egg width/ the 
egg length ×100, shell thickness (measured using a screw 
micrometer, 0.01-20 mm), (yolk index yolk weight/ yolk 
dimeter ×100) albumin index (albumen weight/ albumen 
diamtre ×100). The eggs were weighed one by one then 
cracked on flat glass and then measured its height, albumin 
diameter, egg yolk, and yolk color. The Haugh unit was 
measured through calculations according to Brant and 
Shrader (1958).

HU = 100 x log (H + 7.57 – 1.7 W0.37)

Information;
H= albumin height (mm) and W= egg weight (g).

The yolk index was obtained from the ratio between the 
height and diameter of the yolk (Nesheim et al., 1979). The 
yolk color was adjusted according to the color index on a 
numerical scale from 1 to 15 (from white to red).

stAtisticAl AnAlysis
The data obtained were analyzed using analysis of variance 
following Completely Randomized Design (CRD) 
with 4 treatments and 5 repetitions for each. Based on 
Kolmogorov-Smirnov test all the data were normal 
distributed which made them as a subject of ANOVA test. 
A significant result then followed by Duncan’s Multiple 
Area Test to determine the difference mean value of each 
feeding application.

RESULTS AND DISCUSSION

fEEding PErformAncE
The average feed consumption of KS group was ranged 
between 21.20 to 21.60 grams/day while the KSF group 
between 18.45 to 18.97 grams/day. There were differences 
on the pattern of feed consumption between these groups 
as KS group showed decreased feed consumption with 
higher KS proportion while the KSF group showed 
increased feed consumption with higher KSF proportion 
although the difference was not significant (Table 2).

On the other hand, the feed conversion of the KS group 
ranged between 4.6 to 6.27 while it was 3.49 to 4.45 for 
KSF group. The additional proportion of KS in feeding 
material significantly increased the feed conversion while 
the addition of KSF did not show significant effect of feed 
conversion (Table 2). 

Egg Production 
Egg production of quail decreased with increasing 
proportion of KS (ranged from 34.56 to 54.60%) and KSF 
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(ranged from 54.76 to 64.76%) in feeding material. The 
differences were significant for KS groups while it was not 
significant for KSF groups (Table 3). The egg mass for both 
feeding groups ranged from 4-6 grams/quail/day and the 
weight of eggs decreased with the increasing proportion of 
KS and KSF. However, the differences on the egg weight 
were not significant for both feeding groups (Table 3).

Egg QuAlity
The average egg weight of the study ranged from 9.06-
10.82 grams for both feeding groups. This study showed 
that fed the quails with feeding material added with 7.5% 
of both KS and KSF produced the heaviest eggs for each 
related feeding group. When compared between KS and 
KSF groups, in general, quails received a feeding material 
mixed with KSF produced heavier eggs (Table 4).

Table 1: The composition of experimental diets.
Feed ingredients Proportion (%)

 R1-KS R2-KS R3-KS R4-KS  R1-KSF R2-KSF R3-KSF R4-KSF
Corn 51,9 50,9 50,9 48,9 39,94 39,94 39,94 39,94
Rice bran 9 5 0 0 10,7 7,2 3,6 0
Coconut cake - - - - 11,8 7,8 3,9 0
Soybean meal 17 17 17 10 17,5 17,5 17,5 17,5
Fish meal 11 11 11 15 11,5 11,5 11,5 11,5
Coconut oil 4 4 4 4 4,5 4,5 4,5 4,5
Bone meal 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5
CaCO3 3 3 3 3 0,9 0,9 0,9 0,9
Premix/Topmix 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5
DL-Methionine 0,1 0,1 0,1 0,1 0,16 0,16 0,16 0,16
Lysine 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
KS 0 7,5 15 22,5 - - - -
KSF - - - - 0 7,5 15 22,5
Nutrient content 
EM (Kcal/Kg) 2910,93 2910,9 2928,4 2908,7 2907,2 2929,8 2961,59 2993,39
Crude protein (%) 20,4 20,46 20,48 20,03 20,33 20,42 20,45 20,21
Crude fat (%) 8,7 8,52 8,35 8,25 8,67 8,51 8,35 8,25
Crude fiber (%) 4,59 4,82 4,99 5,47 4,59 4,82 4,99 5,47
Ca (%) 3,19 3,19 3,2 3,51 1,16 1,17 1,18 1,19
Non-phytate P (%) 0,88 0,91 0,94 1,1 0,6 0,59 0,58 0,57
Methionine (%) 0,51 0,5 0,49 0,52 0,51 0,5 0,49 0,52
Lysine (%) 1,32 1,3 1,27 1,28 1,1 1,29 1,27 1,28

Table 2: The effect of kangkong seed meal on feeding performance.
Variables Kangkong seed meal group Kangkong seed meal fermentation Group

 R1-KS R2-KS R3-KS R4-KS  R1-KSF R2-KSF R3-KSF R4-KSF
Feed consumption 21.20±0.15a 21.80± 0.15a 21.60±0.154a 21.80±0.154a 18.52±1.14a 18.54±0.89a 18.97±1.12a 18.45±0.90a
Feed conversion 4.6±1.34a 4.99±0.37ab 5.30±1.20ab 6.27±1.31b 3.49±0.99a 4.25±0.97a 4.45±0.77a 4.36±0.41a

Table 3: The effect of kangkong seed meal on egg production.
Variables Kangkong seed meal group Kangkong seed meal fermentation Group

 R1-KS R2-KS R3-KS R4-KS  R1-KSF R2-KSF R3-KSF R4-KSF
Egg pro-
duction

45.20±24.45b 42.22±3.60ab 39.94±8.65ab 34.56±5.86a 64.76±10.56a 59.52±14.86a 56.28±3.98a 54.76±13.03a

Egg mass 4.79±3.22a 4.40±0.36a 4.26±0.93a 3.62±0.73a 5.49±1.10a 4.64±1.10a 4.71±0.29a 4.59±0.92a
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Table 4: The effect of kangkong seed meal on egg production. 
Variables Kangkong seed meal group Kangkong seed meal fermentation group

 R1-KS R2-KS R3-KS R4-KS  R1-KSF R2-KSF R3-KSF R4-KSF
Egg weight (g) 9.78±024ab 10.03±0.18b 9.51±0.32a 9.73±024ab 9.06±3.98a 10.82±0.47a 10.76±0.38a 10.52±0.48a
Shape index 81.18±1.34a 82.09±1.60a 82.06±1.02a 81.08±1.03a 81.53±1.46a 78.90±1.22a 80.55±0.45a 79.13±0.68a
Haugh unit 82.18±1.39ab 81.78±1.52a 83.68±1.39b 80.82±0.93a 81.88±3.49a 88.23±1.22b 89.28 ±1.13b 86.75 ± 1.07ab
Eggshell thick-
ness (mm) 

0.17±0.003a 0.17±0.002a 0.18±0.003a 0.18±0.001a 0.18 ± 0.01a 0.18 ± 0.01a 0.186 ± 0.01a 0.18 ± 0.003a

Albumen index 0.077±0.03ab 0.079±0.04b 0.081±0.04b 0.074±0.02a 0.072±0.007a 0.096±0.006bc 0.103±0.005c 0.084±0.006ab

Yolk index 0.485±0.09b 0.483±0.11b 0.480±0.12b 0.460±0.01a 0.39 ± 0.002a 0.44 ± 0.001a 0.42± 0.001a 0.432 ± 0.002a
Yolk color index 6.30±0152a 6.70±1.52ab 6.90 ±0.10b 7.00 ±0.15b 6.40±0.85a 5.73±1.25a 5.93±0.40a 5.70±0.65a

The average shape index of eggs KS group ranged between 
80.82 to 82.09 while it was between 78.90-81.53 for KSF 
group. However, the shape index was not significantly 
differencing among groups (Table 4).

Haugh unit value is a measure of egg quality in the shell 
calculated from the high albumen value and egg weight. 
The highest Haugh unit for both KS (ranged between 
81.88 to 89.28) and KSF (ranged between 80.82 to 83.68) 
groups was recorded for eggs produced by quails fed with 
feeding material mixed with 15% of KS and KSF and 
significantly different with others (Table 4).

This study showed no effect of both KS and KSF on 
egg thickness as both groups recorded egg thickness 
ranged between 0.17 to 0.18 mm although for KS groups 
application of higher proportion of KS produced slightly 
thicker eggshell (Table 4).

The albumin index of eggs produced quails of KSF group 
(ranged between 0.072 to 0.103), in general, higher than 
KS group (ranged between 0.081 to 0.074). In KS group, 
addition of 7.5 and 15% of KS significantly improved the 
albumin index while for KSF group addition of 15% KSF 
produced significant higher albumin index (Table 4).

In general, quails of KS group produced egg with higher 
yolk index (ranged between 0.460 to 0.485 than KSF group 
(ranged between 0.39 to 0.44). Application of highest 
proportion of KS for feeding material produced eggs with 
the lowest yolk index while there was no significant effect 
of KSF application on yolk index (Table 4).

This study found, in general, quails of KS group produced 
eggs with higher yolk color index than KSF group. 
Additional of higher proportion of KS on feeding material 
significantly increased the yolk color index (P < 0.05) while 
the effect was lacking for KSF group (Table 4).

fEEding PErformAncE
In general, addition of KSF as part of feeding material 

reduced the consumption compared to Samadi et al. 
(2015) who applied the mixed of artichoke leaf flour and 
vitamin E (consumption rate of 21.40-23.24 gram/quail/
day). Quails of both KS group and KSF group as quails 
of KS group showed positive correlation between feed 
consumption, except for quails received feeding material 
with highest proportion of KSF. This result may relate to 
(1) Fermented feed produces glutamic acid which increases 
appetite, adds aroma and flavor that preferred by poultry. 
However, there is limit of the amount which indicated by 
lower consumption at application of higher proportion 
of fermented seed; (2) High fiber content of seed and 
non-nutritional content (such as tannins and phytic acid) 
may influence the feeding behavior. Fiber accelerates the 
digestive process, makes the rations will be released more 
quickly through feces, reduces the digestibility rate of the 
feed (Latif et al., 2017); (3) The characteristic of the feeding 
material may influence the consumption rate such as size, 
volume, and hardness of material (Amrullah, 2003; Neves 
et al., 2014). Other factors that may influenced the feed 
consumption are included the energy content of the feed, 
age, feed palatability, and production levels, environmental 
conditions, temperature, activity, the strain of poultry, 
and body weight (Tillman et al., 1991; Anggorodi, 1995; 
Wahju, 2004).

The feed conversion recorded on the quails of the study was 
lower than Sudrajat et al. (2014) and Suprijatna et al. (2008) 
while it was higher than Shanaway (1994), Achmanu et 
al. (2011), Bertechini (2012), Wei-Ting Hsu et al. (2015) 
and Fransela et al. (2017). High conversion rate is related 
to lower digestibility of the feeding material. The addition 
of kangkong seed meal in rations had a significant impact 
on the feed conversion value, the higher the kangkong 
seed meal content in the feed, the higher the conversion 
value for both experimental diets. Since the proximate 
content of KS based feeding material did not differ with 
KSF based feeding material, the possible explanation of 
higher conversion rate of KS material may relate to the 
characteristic of material which relative hard to digest and 
lower micronutrient content (unpublished data). 
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Egg Production 
The production of quail eggs in this study was higher 
compared with study of Sudrajat et al. (2014) which applied 
organic chromium as part of feeding material while it was 
similar with study of Latif et al. (2017) which reported on 
the effect of application of shrimp’s waste meal as part of 
quail feeding material. 

These results on egg mass were higher than Sugiura et al. 
(2009) (reported the egg mass between 2.78 to 3.16 grams) 
and lower than Maknun et al. (2015) with values ranging 
from 5.43 to 6 grams/quail/day. The egg mass is strongly 
influenced by feed quality and protein consumption in 
quails (Proudfoot et al., 1988; Maknun et al., 2015). 
Another factor that decreases the daily egg mass is the 
anti-nutritional content in the feed which prevents the 
protein from being digested optimally (NRC, 1994).

Egg QuAlity
Egg wEight
Egg weight in both treatments (KS meal and KSF meal) 
were greater than results from Wei-Ting Hsu et al. (2015) 
which supplemented quail with lycopene, Faradillah et al. 
(2015) which supplemented with Indigofera zollingeriana, 
and Hilmi et al. (2015) which supplemented with 
piperine. The egg weight of the results meets the standards 
recommended by Minvielle (1998) which is 10 grams and 
Tserveni-Goussi and Fortomatis (2011) which states that 
the weight of quail eggs ranges from 6 to 16 grams. In 
this study, in general, application fermented seed produced 
better egg which may related to the hydrolysis of protein 
into amino acid (Haslina and Pratiwi, 1996, Abun et al. 
2003) and fatty acid which beneficial to improve the egg 
production (Sigolo et al. 2018).

shAPE indEx
The shape index of quail eggs produced in this study was 
higher than Zita et al. (2013) reported that the quail egg 
shape index was 77.35. According to Yuwanta (2010), the 
ideal shape index in quail egg is 74%, while Kumati et al. 
(2008) explained that the index for quail eggs is 79.90. 
The egg shape index is closely related to its hatchability as 
higher shape index positively related to the fertility of the 
eggs (MacLaury et al., 1973; Alasahan and Copur, 2016).

hAugh unit
According to Alkan (2010), the Haugh unit (HU) value 
describes egg quality. The haugh unit recorded in this study 
than Hilmi et al. (2015) reported the value of the haugh 
unit of quail given piperine as a feed additive, ranged from 
91.81-94.45. Meanwhile, Moula et al. (2019) reported that 
the Haugh unit of quail egg ranging from 80.20-81.27. 
The differences with previous studies may relate to the age 
of poultry (Zita et al., 2013). However, the HU in both 
treatment groups meets the standard, where the HU value 

is above 72 indicates good and fresh egg quality (USDA, 
2000). The higher HU of egg produced by KSF group may 
related to the higher variation of micronutrient produced 
by fermentation process.

shEll thicKnEss
Previous study showed the variation of quail eggshell 
thickness ranged from 0.12-0.19 mm (Panda and Singh, 
1990; Amo et al., 2013; Zita et al., 2013; Moula et al., 
2019; Pâmela et al., 2019) which in range of the eggshell 
thickness produced during this study. Shell thickness 
showed could be significantly improved, higher than 0.19 
mm, by supplementation of commercial feed and low 
protein ration (Suprijatna et al., 2008). Another factor 
related to the development of eggshell is the balance of 
calcium (Ca), phosphoros (P), and magnesium in the 
feeding material (King’ori, 2011; Amoah et al., 2012). 
However, in this study, both variable was not recorded. 
Thus, the conclusion based on our data was the high 
possibility that the fermentation process did not alter the 
balance of the mineral of the feeding material. 

AlbumEn, yolK indEx, And yolK color indEx
The albumen index value of the two experimental diets was 
higher than Moula et al. (2019) that reported the albumin 
index were ranged from 0.057-0.059. This study showed 
higher albumen index produced by quail of KSF group. 
On the other hand, the yolk index. The results of the study 
were not much different from Moula et al. (2019) that 
reported the yolk index value of quail were ranged from 
0.432-0.434. The yolk index of quail fed with KSF meal 
is in the second category of SNI (0.394-0.457 mm), and 
category I (0.458-0.521 mm) for quail fed with KS meal. 
Higher yolk index Quail fed with KS meal had a higher egg 
yolk index, although it tended to decrease with increasing 
kangkong seed contents in the ration. Yolk and albumin 
content highly depend on the nutritional content of the 
feeding material especially particular fatty acid like omega 
3 and omega 6 (Alagawany et al., 2019). Studi showed 
fermentation may reduce the available of some fatty acid 
which may explained why the yolk and albumin index of 
eggs of KSF group lower than KS group (Oduguwa et al., 
2008; Silveira et al., 2010).

The higher the KS meal in the ration produced higher 
the egg yolk color index. The yolk color index of the two 
experimental diets was lower than Hilmi et al. (2015) 
reported that the yolk color index of quail ranged from 
7.53-8.98. It is stated by as well as Lee et al. (2001) 
the darker color of egg yolk is exclusively influenced by 
feed because poultry does not synthesize color pigments 
but only absorbs 20-60% of feed pigment. The major 
nutritional component that effected the yolk color is 
carotenoid content of the feed ingredient (Amo et al., 
2013) which stored inside the seed. Fermentation process 
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more likely to release the carotenoid to utilize by microbes 
or to environment as byproduct which may altered by the 
feeding material preparation process.
 
CONCLUSIONS AND 
RECOMMENDATIONS
 
Kangkong seed meal (KS) and its fermentation product 
(KSF) did not enhance the performance of the egg 
production of quails but improved some physical egg 
quality. KSF meal had a better effect than kangkong meal 
on egg production performance, feed conversion, shell 
thickness, albumen index, and Haugh unit. While KS meal 
increased the shape index, yolk index, and yolk color index.
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