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A B S T R A C T

Background and Aim: The inclusion of Leucaena leucocephala leaf meal (LLM) in poultry feed is often limited due to its high 
crude fiber and mimosine content. This study investigates the potential of fermented LLM (FLM) to enhance nutrient intake, 
egg production, and egg quality in laying quails by reducing anti-nutritional factors through fermentation.

Materials and Methods: Two hundred 42-day-old laying quails were assigned to five dietary treatments: T0 (control) = 
100% basal diet (BD), T1 = 98% BD + 2% FLM, T2 = 96% BD + 4% FLM, T3 = 94% BD + 6% FLM, and T4 = 92% BD + 8% FLM. 
Parameters including nutrient intake (energy, protein, fat, calcium, phosphorus), feed conversion ratio (FCR), egg production, 
egg weight, eggshell thickness, Haugh unit, and yolk color were measured over a 28-day trial. Data were analyzed using a 
one-way analysis of variance, followed by Duncan’s test for significant differences (p ≤ 0.05).

Results: FLM supplementation significantly improved energy, protein, fat, calcium, and phosphorus intake while reducing 
FCR. At 4% FLM inclusion, significant enhancements in egg production, eggshell thickness, Haugh unit, and yolk color 
were observed. Conversely, fiber intake and overall feed intake remained unaffected across treatments. The highest 
egg production (56.43%) and best yolk color (8.95) were observed in the 8% FLM group.

Conclusion: Incorporating FLM into the diets of laying quails effectively enhances nutrient utilization and improves egg 
production and quality without increasing feed intake. The optimal inclusion level for maximizing benefits appears to be 
4-8% FLM.
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INTRODUCTION

The quail is a bird with considerable potential as 
a source of animal protein [1]. It has been observed 
that quail are capable of producing 290–300 eggs/
year. To reduce feed costs, alternative feed ingredients 
are used as substitutes for conventional feed [2]. 
Leucaena leucocephala is a strategic source of protein 
for poultry and can be used as an alternative feed 
ingredient, particularly in tropical regions [3, 4]. The 
availability of L. leucocephala does not compete with 
human consumption, which can reduce the feed costs 
of laying quail [5]. The proximate composition of L. 
leucocephala leaf, which contains 8.7% ash, 4.1% ether 
extract, 21.9% crude protein, 19.1% hemicellulose, 17% 
cellulose, and 5.7% lignin [6]. In addition, tannins were 

at 4.1%, and mimosine was at 6.77% [7]. It also contains 
carotenoids and xanthophylls, which are the primary 
precursors of egg yolk pigmentation [3]. The use of L. 
leucocephala leaves is limited because of its high crude 
fiber content and the presence of the anti-nutrient 
compound mimosine [8]. The crude fiber content of 
the plant material can reach 30%, which exceeds the 
maximum permitted level of 6% for inclusion in quail 
feed [9]. The crude fiber consists of cellulose and 
hemicellulose [10]. The digestive tract of poultry lacks 
the enzymes required to digest cellulose [11]. High fiber 
intake results in a shorter digestive process and reduced 
digestibility [11–13]. High levels of crude fiber in the diet 
have been demonstrated to reduce the efficiency with 
which nutrients are used [11]. In addition, the limitation 
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of L. leucocephala is the presence of mimosine and 
tannin [14]. Consuming mimosine more than 5% of the 
tolerance limit causes poisoning [15]. The structure of 
mimosine is similar to that of tyrosine, and chickens 
consuming L. leucocephala leaves will recognize it as 
an amino acid tyrosine. As a result, the body becomes 
deficient in the amino acid tyrosine, and the production 
of the hormone thyroxine is disrupted [16]. Mimosine 
is an anti-nutrient substance that can interfere with 
the absorption of nutrients in the digestive tract [17]. 
Tannin affects fish growth [18]. Tannin is a protease 
enzyme inhibitor that inhibits protein digestibility in the 
digestive tract, thereby reducing the palatability of the 
feed and thereby reducing its intake and growth [19]. 
Therefore, efforts are needed to reduce the high levels 
of fiber and anti-nutritional substances.

The toxicological evaluation is an important aspect 
of research on L. leucocephala, and it requires further 
investigation and resolution. The issue of detoxification 
remains unresolved, which in turn limits its potential 
use as a feedstuff [17, 20]. The technology used to 
reduce crude fiber content and increase protein content 
while simultaneously reducing mimosine compounds 
is fermentation [21, 22]. Fermentation is defined 
as a chemical change in feed ingredients caused by 
microorganisms [23]. The effective microorganisms (EM)-4 
are a solution comprising decomposer microorganisms, 
including Lactobacillus spp., Streptomyces, cellulose-
degrading fungi, lactic acid bacteria, phosphorus-
solubilizing bacteria, and photosynthetic bacteria, 
which can be utilized for fermentation purposes [24]. 
The basic principle of the fermentation process is the 
breakdown of the crude fiber into simple sugars that 
are readily digestible [25]. Fermentation treatment of 
L. leucocephala leaf meal reduces mimosine and crude 
fiber levels, preventing any interference with chicken 
growth.

Numerous previous studies [4, 5, 7, 13, 18, 25] 
have shown that L. leucocephala leaf meal has been used 
extensively in animal feed. However, its use is limited by 
the high levels of crude fiber and mimosine in the material. 
This study aimed to identify an L. leucocephala leaf meal 
that can be used as a protein source for laying quail by 
removing the limitations of its use through a fermentation 
process to reduce crude fiber and mimosine content. The 
novelty aspect of this study was to investigate how the 
fermentation process increased the nutrient content 
of L. leucocephala leaf meal. The potential benefit and 
novelty of this study are the approaches to investigate 
the effect of fermentation on increasing nutrient intake 
to improve quail egg production and quality.

MATERIALS AND METHODS

Ethical approval
All animals used for research were kept following 

the Commission Recommendation on Guidelines for 
the Accommodation and Care of Animals Used for 

Experimental and Other Scientific Purposes [26]. The 
research methodology, sample collection, and analysis 
methods were thoroughly reviewed and approved 
by the Animal Ethics Committee of Politeknik Negeri 
Jember No. 503/PL17.4/PG.

Study period and location
The study was conducted from July to December 

2022 at the Animal Production and Feed Technology 
Laboratory, Department of Animal Science, Politeknik 
Negeri Jember.

Fermented L. leucocephala leaf meal (FLM) preparation
The  leaves of L. leucocephala were obtained from 

the Livestock and Forage Nursery in Jember according 
to the identification given by the International Plant 
Names Index. Published on the Internet http://www.
ipni.org, The Royal Botanic Gardens, Kew, Harvard 
University Herbaria & Libraries, and Australian National 
Herbarium. The leaves were separated from the stem, 
cleaned, and soaked in water for 12 h. They were then 
dried and ground until they reached a size of 1 mm, 
thus producing the desired L. leucocephala leaf meal, 
and it was stored at a temperature of 27°C–30°C. The 
meal was subjected to fermentation using an EM-4 
inoculant solution containing Rhizopus oligosporus, 
Aspergillus niger, and Saccharomyces cerevisiae, which 
was cultured on potato dextrose agar medium and 
incubated at 30°C for 24 h. The inoculant solution was 
then diluted with 100 mL of distilled water. The density 
was 1010 colony-forming units [CFU]/mL [27], which 
were then subjected to a 30-min steaming process 
before fermentation to ensure the sterilization of the 
material from potential microorganisms. Subsequently, 
100 mL of the inoculant solution with a density of 
1010 CFU/mL was added to 1 kg of L. leucocephala 
leaf meal and mixed until a uniform distribution was 
achieved. The mixture was incubated at 30°C for 24 h. 
Molasses were added at a 1:1 ratio. The fermentation 
ratio was 40 mL of EM-4 with 60-g L. leucocephala leaf 
meal [28]. The material was then placed in an anerobic 
environment for 8 days. Subsequently, the FLM was 
analyzed to determine its crude protein, crude fiber, 
ether extract, calcium, phosphorus, and metabolizable 
energy content.

Basal diet (BD)
The BD was formulated with the following 

ingredients: corn, rice bran, fish meal, soy meal, 
clamshell meal (CSM), and FLM. The ingredient 
composition of the BD is presented in Table 1, and 
the ingredient composition of the experimental diet is 
presented in Table 2.

Experimental design
Two hundred laying hen quails (Coturnix 

coturnix japonica) 35 days old were obtained from 
the Laboratory of Animal Production, Department 
of Animal Science, Politeknik Negeri Jember, were 
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Table 2: Composition of the experimental diet.

Parameters 100% BD 98% BD + 2% FLM 96% BD + 4% FLM 94% BD + 6% FLM 92% BD + 8% FLM

ME (kcal/kg) 2836 2899 2843 2850 2862
Protein (%) 21.28 21.32 21.33 21.96 21.55
Fiber (%) 2.96 3.13 3.40 3.36 3.54
Ether Extract (%) 3.41 4.12 4.23 3.98 4.22
Calcium (%) 1.61 1.68 1.63 1.70 1.65
Phosphor (%) 0.74 0.78 0.79 0.81 0.78

Analyzed at the Laboratory of Feed Technology, Politeknik Negeri Jember, Indonesia, BD=Basal diet, FLM=Fermented Leucaena leucocephala leaf meal

Table 1: Ingredient components of the basal diet.

Component Metabolizable 
energy (kcal/kg)

Protein (%) Fiber (%) Fat (%) Calcium (%) Phosporus (%)

Corn 3300 8.79 3.8 2.5 0.01 0.13
Rice bran 1900 13 5 12 0.06 0.8
Fish meal 2750 55 2 1 6.5 4
Soya meal 2550 42 0,5 3 0.2 0.33
CSM 0 0 0 0 28.25 0.79
FLM 3267 28.1 10.36 14 0.47 2.5

BD=Basal diet, FLM=Fermented Leucaena leucocephala leaf meal, CSM: Clamshell meal

randomly divided into five groups and four replications, 
comprising a sample of 10 quails. The weather conditions 
in Indonesia from July to December 2022 at the time 
of this study were 54%–57% and 80% humidity. The 
study was divided into two periods: adaptation to the 
treatment diet and data collection. Adaptation to the 
treatment diet was conducted for 7 days from 35 days 
to 41 days of age before data collection began. Data 
collection began at 42 days of age. The groups were as 
follows: (1) Control = 100% BD + 0% FLM; (2) 98% BD + 2% 
FLM; (3) 96% BD + 4% FLM; (4) 94% BD + 6% FLM; and (5) 
92% BD + 8% FLM. The experimental method involved 
direct observation of subjects who were provided with 
diet treatments from 42 days to 70 days of age.

The feed intake data were collected daily during 
the treatment period. Energy intake was calculated by 
multiplying the amount of feed provided (in grams) by 
the energy content (in calories per kilogram), as well as 
the intake of protein (in grams), fat intake (in grams), 
fiber intake (in grams), calcium intake (in grams), and 
phosporus intake (in grams) [29]. The body weight of 
each quail was calculated as the mean of the weight 
recorded before and after the treatment period. Feed 
conversion is the proportion of feed consumed over a 
specified period relative to the weight of eggs produced 
during that period [30]. Egg weight was determined 
by weighing the eggs on an analytical scale [31]. The 
number of eggs produced is divided by the amount of 
laying quails to obtain the egg production ratio, which is 
then multiplied by 100%. The body weight of each quail 
was calculated from the average body weight before 
and after the treatment period. Feed conversion is the 
amount of feed consumed during a given period to the 
weight of eggs produced during the same period [32]. 
The eggshell thickness was determined using a screw 
micrometer [33]. The Haugh unit was calculated by 
measuring the height of the albumen and the weight of 

the egg [34]. The hue of the yolk was determined using 
the Roche egg yolk color fan [35].

Statistical analysis
The data collected during the study were analyzed 

using a one-way analysis of variance (ANOVA) to 
evaluate the effects of different levels of FLM inclusion 
on nutrient intake, feed conversion ratio (FCR), egg 
production, and egg quality parameters. Significant 
differences among treatment means (p ≤ 0.05) were 
further evaluated using Duncan’s multiple range test. 
Statistical analyses were conducted using the Statistical 
Package for the Social Software Version 22 (SPSS, IBM 
Corp. NY, USA).

The analysis included nutrient intake parameters 
such as energy, protein, fat, fiber, calcium, and 
phosphorus. Production performance, including egg 
production percentage and feed conversion ratio, 
was also evaluated to assess productivity and feed 
efficiency. In addition, egg quality parameters, including 
egg weight, eggshell thickness, Haugh unit, and yolk 
color, were analyzed to determine the effect of FLM on 
external and internal egg quality.

Statistical differences were presented as mean ± 
standard deviation (SD) in tables. Results were deemed 
statistically significant if treatment means had different 
superscript letters in the same column (e.g., a, b, and c), 
indicating differences at (p ≤ 0.05). Data interpretation 
followed established standards for poultry performance 
metrics.

RESULTS AND DISCUSSION

Data on feed intake, body weight, and feed 
conversion for each treatment are presented in 
Table 3. Based on the analysis of variance, there was 
no significant difference in feed intake, but there 
were substantial differences in metabolizable energy, 
protein, fat, calcium, and phosphor intake. There were 
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no significant differences in fiber intake among the 
treatments. Table 4 presents data on hen day production, 
feed conversion, egg weight, eggshell thickness, Hough 
unit, and yolk color.

The analysis of feed intake revealed no significant 
differences between the experimental groups. This is 
likely because the feed ingredients met the standard 
nutritional requirements for laying quail, including 
metabolizable energy at 2700 kcal/kg, crude protein 
at 17%, fat at 7%, calcium at 0.9%–1.2%, phosphor at 
0.6%–1%, ash at 8%, and fiber at 7%. The protein-energy 
balance remained unchanged across all treatments, 
resulting in no significant difference in feed intake. 
The protein-energy balance in feed affects feed intake 
[36]. A low protein-energy balance was demonstrated 
to increase feed intake, whereas a high protein-energy 
balance was shown to decrease feed intake.

The more FLM inclusion in the diet, the more 
protein is contained in the feed. Leucaena is a source 
of protein with a protein content of 25.2%–32.5% [37]. 
Furthermore, the FLM exhibited higher crude fiber 
content than the control. The use of FLM increases 
metabolic energy intake because fermentation can break 
down crude fiber, thereby increasing energy intake [38]. 
The fermentation process can enhance the nutritional 
value of ingredients by facilitating the biosynthesis of 
vitamins, essential amino acids, and proteins while 
also improving protein quality and reducing crude fiber 
[38-40]. EM-4 bacteria produce cellulase and xylanase 
enzymes that degrade cellulose into cellobiose. The 
end product of this process is glucose. This resulted 
in fermented feed having superior nutritional value, 
greater digestibility, and improved absorption [41]. The 
fermentation enhances the crude protein content [42]. 
Fermentation can effectively reduce the crude fiber 
content by approximately 18% [22].

Fermentation increases nutrient intake, as 
evidenced by increased protein and amino acid intake 
with increasing FLM. The essential amino acid content 
of Leucaena leaves is arginine 2.20%, histidine 0.74%, 
isoleucine 2.44%, leucine 3.02%, lysine 2.37%, methionine 
0.58%, phenylalanine 1.89%, threonine 1.94%, 
tryptophan 0.31%, and valine 2.31% [39]. Digestibility 
indicates the amount of nutrients and energy that can 
be absorbed and utilized [36, 40]. The intake of nutrients 
by FLM enhances the amount of nutrients consumed. 
The higher the digestibility of nutrients, the more energy 
can be utilized for growth; therefore, even if the energy-
protein balance is the same, protein and energy intake 
will result in higher digestibility than the control [42].

The use of FLM in the diet increases egg 
production. The metabolic process in poultry is 
influenced by the digestibility and metabolism of the 
feed [43]. The FLM affects the metabolic process runs 
well, resulting in high productivity. Metabolic processes 
influence production [44]. During the fermentation 
process, EM4 supplementation of L. leucocephala 
leaf meal supplemented with EM4 effectively reduces 
mimosine. This is supported by research [22], which 
found that fermentation reduces mimosine by 51.24%, 
so it does not affect quail productivity. L. leucocephala 
leaves contain alkaloids, flavonoids, saponins, tannins, 
and polyphenols. The metabolites play an important 
role in exhibiting antioxidant properties as protective 
agents against radical-mediated disease processes, 
these connections function as antioxidants [45]. The 
antioxidants in L. leucocephala suppress the microflora 
in the intestines of chickens [46]. FLM, starting at 4%, 
significantly increased egg production in the presence 
of FLM and improved intestinal performance in nutrient 
absorption by suppressing pathogenic microflora in the 
chicken gastrointestinal tract.

Table 4: Effects of FLM on the production and egg quality of quail.

Parameters 100% BD 98% BD + 2% FLM 96% BD + 4% FLM 94% BD + 6% FLM 92% BD + 8% FLM

Egg production (%) 53.15 ± 0.98a 54.54 ± 0.22b 54.92 ± 0.18b 55.25 ± 0.21b 56.43 ± 0.24c

Feed conversion (kg) 2.33 ± 0.32b 2.28 ± 0.28a 2.27 ± 0.26a 2.19 ± 0.24a 2.12 ± 0.22a

Egg weight (g) 9.97 ± 0.82a 10.09 ± 0.76b 10.66 ± 0.78b 10.85 ± 0.71b 11.02 ± 0.94b

Eggshell thickness (mm) 0.16 ± 0.01a 0.17 ± 0.01b 0.18 ± 0.01b 0.19 ± 0.03b 0.19 ± 0.02b

Hough unit 58.20 ± 0.14a 59.28 ± 0.23b 59.71 ± 0.21b 59.50 ± 0.20b 59.24 ± 0.06b

Yolk color 7.53 ± 0.54a 7.58 ± 0.35b 8.17 ± 0.42c 8.23 ± 0.48c 8.95 ± 0.56c

Different letters in the same column mean a statistical difference at p ≤ 0.05. BD=Basal diet, FLM=Fermented Leucaena leucocephala leaf meal

Table 3: Effects of FLM on nutrient intake of quail (per day).

Parameters 100% BD 98% BD + 2% FLM 96% BD + 4% FLM 94% BD + 6% FLM 92% BD + 8% FLM

Feed intake (g) 22.79 ± 0.02 22.81 ± 0.01 22.82 ± 0.02 22.89 ± 0.01 22.92 ± 0.01
Energy intake (cal) 64.64 ± 1.02a 68.41 ± 1.24b 65.61 ± 1.24b 65.25 ± 1.22b 65.62 ± 1.27b

Protein intake (g) 4.85 ± 0.01a 4.92 ± 0.01b 4.86 ± 0.01b 5.03 ± 0.02b 4.94 ± 0.02b

Fiber intake (g) 0.67 ± 0.01 0.71 ± 0.01 0.78 ± 0.01 0.77 ± 0.01 0.77 ± 0.01
Fat intake (g) 0.78 ± 0.02a 0.94 ± 0.02b 0.96 ± 0.03b 0.91 ± 0.02b 0.97 ± 0.03b

Calcium intake (g) 0.368 ± 0.01a 0.384 ± 0.01b 0.371 ± 0.01b 0.390 ± 0.02b 0.378 ± 0.01b

Phosphorus intake (g) 0.169 ± 0.01a 0.178 ± 0.02b 0.179 ± 0.02b 0.185 ± 0.02c 0.179 ± 0.01b

Different letters in the same column mean a statistical difference at p ≤ 0.05. BD=Basal diet, FLM=Fermented Leucaena leucocephala leaf meal
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Egg production in this study was 54%–57% due to the 
weather conditions in Indonesia at the time of the study 
being hot, with temperatures between 32°C and 35°C 
and 80% humidity, so egg production was delayed. Egg 
production is affected by both genetic and environmental 
factors; higher temperatures significantly (p ≤ 0.05) 
delayed egg production [47]. FLM resulted in higher egg 
production (p ≤ 0.05) than without FLM. Egg production 
increased significantly with increasing FLM in feed, 2% 
FLM (54.54% ± 0.22%), 4% FLM (54.92% ± 0.18%), 6% FLM 
(55.25% ± 0.21%), and 8% FLM (56.43% ± 0.24%).

The feed conversion ratio (FCR) is a measure of 
feed efficiency [48]. The lower the FCR, the better the 
feed quality; a high FCR indicates poor feed quality. 
The FCR decreased significantly with the use of FLM, 
indicating improved feed efficiency. Feed intake has a 
strong influence on feed conversion. FLM treatment 
reduces conversion value, allowing feed ingredients to 
be used more efficiently and increasing egg production. 
The FCR in the diet without FLM had the highest value 
of 2.33 ± 0.32 (p ≤ 0.05), but the conversion value 
decreased with increasing use of FLM.

Egg weight is influenced by feed intake [49]. 
Diet protein content may be a determining factor for 
egg weight. Egg weight is influenced by the protein 
content consumed by poultry [50]. There is an increase 
in egg weight with increasing levels of FLM in the diet. 
FLM increased protein intake and thus egg weight. In 
addition to protein, calcium and phosphorus affect egg 
weight and egg production in quail [51]. FLM increased 
calcium and phosphorous intake, resulting in a denser 
shell matrix and influencing egg weight gain.

Shell thickness is a determinant of the external 
quality of eggs [52]. Shell thickness is influenced by the 
calcium and phosphor content of the feed consumed by 
the quail [53]. Calcium and phosphorous are normally 
obtained from the diet; an excess is retained in the 
bones, and a deficiency affects shell quality [54]. FLM 
increases the feed calcium content of the diet, and FLM 
increases calcium intake and phosphor intake, thereby 
increasing mineral absorption for deposition in the 
shell. Phosphorus and calcium content increase shell 
thickness [55]. The fermentation process increases the 
availability of phosphorus compounds [22].

The Haugh unit is a criterion used to determine 
egg quality and is measured based on albumen height 
and egg weight. Egg weight is calculated from the 
weight of egg components such as yolk, egg white, 
and shell [34, 54]. In addition, the quality of egg 
composition is determined by the fat and protein 
content of the diet [56]. Feeding FLM significantly 
affected egg composition and weight due to differences 
in protein intake and higher fat intake compared with 
the control. The addition of fat intake increased the 
proportions of white and yolk [57].

Our study showed that Haugh units were higher 
in the FLM diet than in the control diet because egg 

weight was higher in the FLM diet than in the control 
diet. The Haugh unit value is directly proportional 
to albumin height and egg weight [58–60]. When the 
egg weight is significantly different, the Haugh unit 
value also has a significant effect. The Haugh unit 
value of FLM is within the normal range [20, 60], 
whereas the diet without FLM  is significantly lower 
than the normal Haugh unit [61].

The yolk color index is an indicator of egg yolk 
quality; the brighter the yolk color, the better the 
quality of the yolk. The yolk color index is influenced 
by feed intake. FLM containing carotenoid pigments 
such as lutein, zeaxanthin, and xanthophyll affect egg 
yolk color. There was an increase in the yolk color 
index with increasing FLM content in the diet. Higher 
levels of xanthophylls in animal feeds result in higher 
xanthophyll uptake by animals. Xanthophyll is stored 
in fatty tissues throughout the body and produces a 
yellowish color throughout the body, including egg yolks 
and xanthophyll [62, 63]. Egg production was lower than 
the standard at this age; however, other parameters 
showed a significant effect of FLM use compared 
with the control, which reduced feed conversion and 
improved egg quality, consisting of egg weight, shell 
thickness, Haugh units, and yolk color.

CONCLUSION

This study demonstrates that incorporating 
FLM into the diet of laying quails effectively improves 
nutrient intake, egg production, and egg quality. FLM 
supplementation significantly increased energy, protein, 
fat, calcium, and phosphorus intake, with notable 
enhancements in egg production, eggshell thickness, 
Haugh unit, and yolk color, particularly at inclusion levels 
of 4%-8%. The reduction of FCR highlights the efficiency 
of FLM as a feed ingredient, while the unaffected fiber 
and overall feed intake suggest that FLM integration 
does not compromise the standard dietary intake.

The strength of this study lies in its novel approach 
of using fermentation to reduce the anti-nutritional 
factors in Leucaena leucocephala, enhancing its 
suitability as a protein source for poultry. The well-
controlled experimental design and comprehensive 
analysis of production and quality metrics further 
substantiate the findings.

However, some limitations must be acknowledged. 
The study was conducted under controlled conditions, 
which may not fully replicate the variability in field 
conditions, such as environmental stressors or varying 
quail genotypes. In addition, the study focused primarily 
on laying quails, leaving scope to investigate the 
effects of FLM on other poultry species or at different 
production stages.

Future research should explore the long-
term effect of FLM supplementation on quail 
performance and health. Further studies could also 
evaluate the economic feasibility of FLM production 
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and its scalability for commercial poultry farming. 
Investigations into optimizing the fermentation process 
to maximize nutrient enhancement and reduce anti-
nutritional factors further would contribute to the 
broader applicability of FLM as an alternative feed 
ingredient.
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