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Original Article
Nutrient Digestibility Coefficients and Carcass 
Evaluation of Japanese Quails to Aqueous 
Administration of Egg Lime Molasses Mixture

Background: Japanese quails are cheap and easy to maintain, and they have the potential to bridge 
the gap in animal protein consumption shortage; however, their performance is highly dependent on 
the efficiency of nutrient utilization.

Objectives: This study aimed to determine the effect of an egg-lime-molasses mixture (ELM) 
administration on Japanese quails’ nutrient utilization and carcass parameters.

Methods: The study was conducted at the poultry unit of the Babcock University farmhouse, 
Ilishan-Remo, Ogun State, Nigeria, from January to March 2022. ELM was prepared by placing 
fresh chicken eggs in a bowl, after which one liter of lime juice and 500 g of molasses were added and 
covered tightly for 10 days at 27 °C with a relative humidity of 61%. The solution was then blended. 
Two-hundred-day-old Japanese quails were assigned to one of five treatments in a completely 
randomized design. The birds were subdivided into four replicates of 10 birds each. The control (T1) 
had no administration of ELM; T2, T3, T4, and T5 had inclusion levels of 10, 20, 30, and 40 mL, 
respectively, all in 500 mL of water. Food and water were provided ad libitum. Data on performance 
characteristics, apparent digestibility coefficients, and carcass parameters were collected and 
analyzed using SPSS software, version 22 using descriptive statistics and analysis of variance. 

Results: The results revealed that ELM did not significantly affect performance characteristics 
and carcass parameters (P>0.05). The values for digestible crude protein were significantly 
higher (P<0.05) in the control (62.99%). However, the lowest values were observed among birds 
administered the lowest dosages (10 and 20 mL ELM with 56.36% and 54.38%, respectively). 
Birds administered the lowest dosages of ELM (10 mL) had significantly higher (P<0.05) digestible 
lipids (55.50%) and digestible ash (23.41%) values. The birds administered 20 mL ELM had 
significantly least (P<0.05) values for digestible lipids (25.50%) and digestible ash (2.58%), while 
significantly highest (P<0.05) values were observed for the same group of birds for digestible crude 
fiber (41.05%) and digestible carbohydrates (38.79%). 

Conclusion: The inclusion of ELM in the water of Japanese quails did not alter their growth 
performance or carcass parameters. 

Keywords: Apparent digestibility coefficients, Dressing percentage, Growth, Nutrient utilization, 
Performance
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Introduction

quail is a bird of the order Galliformes, 
which are considered primitive birds, and 
most species in this order are medium-sized 
birds. Their body forms and behavioral 
characteristics resemble domestic chickens 

(Bacha & Bacha, 2012; Ahmad Alabdallah et al., 2021; 
Abd AL-Zahra Ali et al., 2023). The production of quail 
meat and eggs in Nigeria’s poultry industry is significantly 
lower than that of broiler and layer chickens. The mar-
ket potential for quail is considerably limited compared 
to chicken. Although chicken products can be marketed 
throughout Nigeria, the market for quails is highly restrict-
ed. Quail eggs have gained popularity in certain regions, 
but quail meat is not yet widely embraced in Nigeria due to 
its small size, resulting in smaller carcasses. Consequently, 
farmers are less interested in quail farming due to its nar-
rower market scope (Redoy et al., 2017). 

Eggs are a significant source of proteins. A raw, freshly 
laid egg consists of approximately 76.1% water, 12.6% 
protein, 9.5% fat, 0.7% carbohydrates, and 1.1% ash 
(USDA National Nutrient Database for Standard Refer-
ence, Release 1, 2018). Furthermore, eggs are abundant 
in essential minerals, such as phosphorus, calcium, and 
potassium, and contain moderate levels of sodium (142 
mg per 100 g of whole eggs) (Réhault-Godbert et al., 
2019). They also provide essential trace elements, such as 
copper, iron, magnesium, manganese, selenium, and zinc 
(Réhault-Godbert et al., 2019), with egg yolk being the 
primary contributor to the supply of iron and zinc. These 
minerals and micronutrients present in eggs are fascinat-
ing, as deficiencies in certain elements, such as zinc, mag-
nesium, and selenium, have been linked to conditions, 
such as depression, fatigue, and the development of path-
ological diseases (Wang et al., 2018; Habibnezhad Arabi 
et al., 2021). Eggs offer not only a highly nutritious food 
source but also contain various bioactive compounds, in-
cluding lipids, vitamins, proteins, and hydrolytic peptides 
(Kovacs-Nolan et al., 2005; Abeyrathne et al., 2013; An-
dersen, 2015; Giansanti et al., 2015; Chang et al., 2018;), 
which hold significant importance in animal health.

Lime juice can be used because it is a good source of 
organic acids, including citric and ascorbic acids (Hold-
en et al., 2005). According to Holden et al. (2005), lime 
juice also included certain biomolecules, such as fla-
vonoids and carotenoids. Humans’ digestion has been 
reported to be improved by lime juice (Holden et al., 2005; 
Marchione, 2015). Ndelekwute and Enyenihi (2017) 
concluded that lime juice may be used to disinfect poul-
try feed and suggested adding 2.0% to broiler diets.

According to Habibu et al. (2014), molasses contains 
various natural substances, including sucrose, glucose, 
fructose, raffinose, and other non-sugar components. 
Molasses is the end product obtained during the pro-
duction of sucrose and involves the repeated processes 
of juice evaporation, crystallization, and centrifugation 
from sugarcane or sugar beets (Curtin, 1983). Cane mo-
lasses, a dark and viscous liquid, is abundant in soluble 
carbohydrates, vitamins, minerals, and other compounds 
(Mangwanda et al., 2021). Its mineral contents include 
iron, zinc, copper, manganese, potassium, sodium, and 
calcium. Additionally, it contains various vitamins from 
the vitamin B complex, such as thiamine, riboflavin, nia-
cin, pantothenic acid, biotin, and choline. However, mo-
lasses lacks vitamin C and has low phosphorus content 
(Curtin, 1983).

Sugarcane molasses plays a crucial role in livestock 
nutrition due to its nutritive value, appetizing properties, 
and physical characteristics of its sugar content. Nev-
ertheless, toxicity associated with high doses of molas-
ses has been reported (Geremew Kassa et al., 2024). In 
poultry, molasses is commonly used as a binding agent 
in dry diets and as an energy source. It has also been 
administered to chickens via drinking water, Reddy et 
al. (1998) and Ndelekwute et al. (2010) noted. Habibu et 
al. (2014) observed that birds with molasses in their drink-
ing water experienced a significantly higher weight 
gain. Adamnezhad and Ghalehkandi (2018) reported 
that feed supplementation had beneficial effects on 
small intestine morphometry characteristics in Japanese 
quails. The study was premised Consistent with the as-
sertion of Gholipour-Shoshod et al. (2023) that plants 
and plant materials can be used as beneficial additives 
in poultry nutrition to improve growth performance. In 
their study, Akintunde et al. provided a proximate analy-
sis of an egg-lime-molasses mixture (ELM), revealing 
its composition (Akintunde et al., 2023a). The analysis 
indicated the presence of moisture (19.60%), crude pro-
tein (15.20%), lipids (5.50%), ash (14.60%), crude fiber 
(9.60%), carbohydrates (35.20%), fatty acids (4.40%), 
and energy (1060.30 Kcal/100 kg). Phytochemical 
screening demonstrated that ELM contains alkaloids, 
flavonoids, glycosides, saponins, steroids, phenols, 
terpenoids, tannins, and anthraquinones. Quantitative 
evaluation of the phytochemicals revealed the follow-
ing concentrations in ELM: Alkaloids (8.46 mg/100 g), 
flavonoids (2.30 mg/100 g), glycosides (0.08 mg/100 g), 
saponin (5.25 mg/100 g), steroids (0.22 mg/100 g), phe-
nols (0.09 mg/100 g), terpenoids (0.56 mg/100 g), tannin 
(8.34 mg/100 g), and anthraquinones (1.60 mg/100 g). 
The vitamin analysis showed the presence of vitamin A 
(3.20 mg/100 g), vitamin B1 (280 mg/100 g), vitamin 

A 
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B2 (880 mg/100 g), vitamin B3 (340 mg/100 g), vita-
min C (15.40 mg/100 g), and vitamin E (0.015 mg/100 
g). Mineral analysis revealed the presence of calcium 
(29.95%), magnesium (4.08%), potassium (23.20%), 
sodium (0.38%), phosphorus (6.90%), chlorine (0.30%), 
manganese (1.44 ppm), iron (3.60 ppm), aluminum 
(5.35%), titanium (2.10 ppm), and silicon (22.70 ppm). 
Based on these results, ELM is rich in various nutrients 
and phytochemicals, enabling it to exhibit multiple bio-
logical activities and serve as a natural alternative to an-
tibiotics, particularly in monogastric animal production 
(Akintunde et al., 2023a).

In a study on the growth pattern and physiological re-
sponse of Japanese quails to an aqueous solution of egg 
lime molasses mixture, Akintunde et al. (2024) conclud-
ed that the aqueous administration of egg lime molasses 
solution in the diet of Japanese quails had no detrimental 
effects on the growth pattern and physiological response. 
Akintunde et al. (2023b), also in a study on the admin-
istration of ELM to spermiogramic parameters of Japa-
nese quails, observed that the administration of ELM did 
not alter growth parameters; however, birds that received 
20 mL per 500 mL of water had the best reproductive 
parameters. Herbs possess many antioxidants; thus, their 
use in poultry diets can improve the quality of the final 
products (Salehi et al., 2024).

Little work has been conducted on the effects of mo-
lasses feeding on poultry performance. Molasses aid in 
improving muscle and heart health. It is rich in nutrients 
and acts as a mild laxative. Too much molasses can cause 
diarrhea, which can be beneficial if poisoning or an in-
testinal issue is suspected (Rahiman & Pool, 2016; Mor-
denti et al., 2021). The level of molasses inclusion is 
usually limited due to the risk of soft feces or diarrhea, 
which has been related to high levels of potassium and 
sodium; hence, a mixture of eggs, lime, and molasses is 
required. However, paucity of information is available, 
particularly regarding the response of Japanese quails to 
the administration of egg-lime-molasses solution on nu-
trient utilization and carcass quality.

Materials and Methods

Experimental site

This study was conducted at the Poultry Unit of Bab-
cock University Farm House, Ilishan-Remo, Ogun State, 
Nigeria. Ilishan-Remo is in the rainforest zone of Nige-
ria, with an annual rainfall of approximately 1500 mm 
and a mean temperature of 27 °C.

Preparation of egg lime molasses solution 

First, eggs were placed in water to ensure their fresh-
ness. Then they were placed in a bowl, after which one 
liter of lime juice and 500 g of molasses were added to 
the same bowl, covered tightly, and left for 10 days at a 
temperature of 27 °C and relative humidity of 61%. At 
the end of 10 days, the eggshells dissolved into the solu-
tion, which was then blended.

Experimental treatments

Five dietary treatments were administered to the rats. 
T1, the control, was not administered the egg lime mo-
lasses solution: T2, T3, T4, and T5 had 10, 20, 30, and 40 
mL per 500 mL of water, respectively.

Management of experimental birds and design

A total of 200 day old Japanese quails were purchased 
from a local farmer in Lagos State, Nigeria. Before the 
arrival of the quails, the pens where the birds stayed dur-
ing the experiment were washed, disinfected alongside 
the drinkers, feeders, and other equipment, and left to air-
dry for two weeks. One-hundred watt electric bulbs were 
installed in the cages to provide heat and illumination at 
night for continuous feed intake. Feed and water were 
provided ad libitum throughout the experimental period. 

Data collection

Performance parameters

Feed intake: The feed intake was calculated weekly. 
This was done by subtracting the amount of feed left in 
the feeder from the initial amount of feed given on the 
previous day as the feed intake for the day (Equation 1).

1. Feed intake (g)=Feed offered (g)–Feed leftover (g)

Average feed intake/animal=

Feed offered in (g)–Feed leftover (g)
Total number of birds in the group

Weight gain 

The weights of all birds in each replicate were mea-
sured at the beginning of each weighing week using a 
digital scale. Weight gain of the birds was measured at 
the end of every week during the experimental period.
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Feed conversion ratio: This was calculated by dividing 
the total feed intake by total body weight (Equation 2).

2. Feed conversion ratio (FCR) = Feed intake (g)
Body weight (g)

Apparent digestibility coefficient 

A digestibility trial was conducted in which feed intake 
and fecal output were recorded for seven days. Feces 
samples were oven-dried in the laboratory and analyzed 
to determine the apparent digestibility coefficients us-
ing the appropriate formulae for proximate composition 
(McDonald et al., 1999).

Carcass and visceral organ evaluation

Four birds were randomly selected from each treatment 
group for the carcass evaluation. The selected birds were 
starved overnight and their live weights were recorded. 
The birds were de-feathered after scalding, and their 
plucked weights were recorded. The birds were then 
eviscerated, and the eviscerated weight was recorded.

Statistical analysis

The collected data were subjected to variance analysis 
according to the SAS (2002) procedure. Significant dif-
ferences between treatment means were determined us-
ing Duncan’s multiple-range test (Duncan, 1955).

Results

Table 2 presents the growth performance of Japanese 
quails administered varying levels of an egg-lime molas-
ses solution. The results showed that aqueous adminis-
tration of egg-lime molasses did not significantly influ-
ence (P>0.05) any growth parameters measured.

Table 3 presents the digestibility coefficients and to-
tal digestible nutrients of Japanese quail administered 
with varying egg lime molasses solution levels. Sig-
nificant differences (P<0.05) were observed among all 
treatments for all parameters (digestible crude protein, 
digestible lipids, digestible ash, digestible crude fiber, 
digestible carbohydrate, and digestible dry matter). 

Table 1. Gross composition for experimental starter and finisher diets (g/100 kg)

Ingredient Starter Finisher 

Maize 48.00 59.00

Soybean meal 33.00 30.00

Wheat offal 6.00 5.00

Fish meal 4.00 -

Palm oil - 3.00

Vegetable oil 4.00 -

Meat-bone meal 2.50 -

Limestone 1.00 -

Dicalcium phosphate 0.50 1.50

Oyster shell - 1.00

Salt 0.40 0.20

Methionine 0.20 0.20

Lysine 0.10 0.05

Vitamin/mineral premix 0.30 -

Avatec - 0.05

%CP 15.20 20.00

ME (Kcal/Kg) 3 162.29 3 193.80

CP: Crude protein; ME: Metabolizable energy.
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For digestible crude protein (54.38%), digestible lipid 
(25.5%), digestible ash (2.58%), and dry matter (5.19%), 
birds administered 0.40 mL ELM per 500 mL water 
had the lowest values (P<0.05). Also, the birds in this 
treatment (0.40 mL ELM/500 mL of water) had signifi-
cantly highest values (P<0.05) for digestible crude fiber 
(41.05%) and digestible carbohydrates (38.79%). How-
ever, significantly higher values (P<0.05) were observed 
for digestible lipids and ash by birds administered 0.2 
mL ELM per 500 mL of water. In contrast, the highest 
value (P<0.05) of 62.99% was observed for birds in the 
control group.

Table 4 presents the carcass evaluation and visceral 
organ characteristics of Japanese quails. Table 4 signi-
fied no significant difference (P>0.05) in all parameters 
obtained. 

Discussion

The results indicated that ELM administration did not 
significantly affect the growth performance parameters. 
The results of this study were at odds with those of Rahim 
et al. (1999) and Ndelekwute et al. (2010), who found 
that giving chicken molasses reduced their feed intake 
while increasing their live weight, which was consistent 
with the report of Al-Abdaly et al. (2023) that the physi-
ological response of chickens is significantly different 
from that of quails. Since Japanese quails were used in 
this study, along with the addition of chicken eggs and 
lime to the molasses used as the test component, there 
may be changes in the results based on species. How-
ever, the present study’s results were consistent with 
those of Habibu et al. (2014), who claimed that the ad-
ministration of molasses through drinking water had no 

Table 2. Performance parameters of Japanese quails to administration of ELM

Parameters
Mean±SE

T1 T2 T3 T4 T5

Initial live weight (g) 7.07±0.12 6.87±0.19 6.80±0.18 6.93±0.15 6.87±0.06

Live weight (g) 149.75±8.06 156.00±15.15 169.00±19.16 140.67±11.67 146.00±8.21

Total feed intake (g) 700.89±106.83 501.72±95.09 775.52±259.87 484.43±103.12 659.54±20.72

Weight gain (g) 157.55±1.69 155.40±6.13 168.77±6.09 158.53±3.56 159.15±5.56

Mortality (%) 1.00±0.41 1.75±0.75 0.25±0.05 2.00±0.41 1.00±0.41

FCR 4.44±0.64 3.18±0.53 4.58±1.48 3.02±0.62 4.16±0.17

(P<0.05).

FCR: Feed conversion ratio.

Table 3. Digestibility coefficients and total digestible nutrient of Japanese quails administered egg lime molasses solution at 
finisher phase

Parameters T1 T2 T3 T4 T5

DCP (%) 62.99±0.28e 56.36±0.14b 54.38±0.14a 57.20±0.14c 60.03±0.14d

DL (%) 45.50±0.50c 55.50±0.50d 25.50±0.50a 31.50±0.50b 55.50±0.50d

DASH (%) 18.45±0.20c 23.41±0.00d 2.58±0.20a 23.21±0.20d 14.48±0.20b

DCF (%) 34.88±0.31c 21.30±0.31a 41.05±0.31d 28.70±0.31b 34.88±0.31c

DC (%) 29.35±0.56a 32.15±0.37ab 38.79±0.47b 31.68±0.47ab 30.75±0.47ab

DDM (%) 8.33±0.05e 7.49±0.05c 5.19±0.05a 6.24±0.05b 8.02±0.05d

a, b, c, d, e Significantly different within groups.

Abbreviations: DCP: Digestible crude protein; DL: Digestible lipids; DASH: Digestible ash; DCF: Digestible crude fiber; DC: 
Digestible carbohydrate; DDM: Digestible dry matter.
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impact on feed consumption. These outcomes were also 
consistent with those reported by Edache et al. (2015), 
who found no significant differences in Japanese quails-
fed processed sweet potato meal diets. However, two 
years later, Olayinka et al. (2022) observations found 
significant differences in Japanese quails-fed diets with 
varying amounts of garlic meal. The results on growth 
performance were similar to those of the use of molasses 
in broiler diets, as reported by Khalid et al. (2007), who 
found that adding molasses had little to no negative ef-
fects on feed efficiency. 

Additionally, according to Ndelekwute et al. (2019), 
lemon juice supplementation had no discernible effect 
on the feed-to-gain ratio of broiler chickens during the 
starter and finisher phases. The current study supports the 
results of Onibi et al. (2009) and Fadlalla et al. (2010), 
who found that garlic powder had no discernible impact 
on bird body weight gain and feed conversion ratio.

To evaluate the usefulness of diets for maximizing quail 
performance without affecting quail health, it is critical 
to determine the nutrient digestibility of quail diets. The 
results of the present study showed that the administra-
tion of ELM in drinking water significantly influenced 
the digestibility coefficients of Japanese quails. Birds 
administered 40 mL ELM/500 mL of water had the best 
digestibility coefficients for carbohydrates and fiber and 
the lowest protein, lipids, and ash values. These results 
are consistent with those of Hernandez et al. (2004), who 
demonstrated that including plant extracts in the diet 
improves the digestibility of nutrients throughout the 
digestive tract. The observed enhancement in total tract 
digestibility, particularly for carbohydrates, in Japanese 
quails supplemented with different levels of ELM can be 
attributed to the high energy content of molasses.

This result is consistent with the research conducted by 
Hildalgo et al. (2009) on vinasse, a byproduct of molas-
ses fermentation. Dressing percentage is commonly used 
to assess carcass yield (Akintunde and Toye, 2014; Akin-
tunde et al., 2021). Similarly, these results are consistent 
with those of Elsiddig et al. (2022), who reported no sig-
nificant differences in the dressing percentage of broiler 
chickens across various groups that received different 
levels of molasses. Also, the results were consistent with 
those of Ghanim Kesab et al. (2023), who observed no 
significant differences in the carcass parameters of dif-
ferent strains of Japanese quails fed different levels of 
metabolizing energy. However, the results of this study 
differ from the findings of Yesilbag et al. (2022), who 
observed significant differences in the dressing percent-
age of quails fed different natural feed additives. The 
contrast could result from the mixture of egg, lime, and 
molasses and the variation in the mode of administration 
to the birds. The observed improvement in the total tract 
digestibility, especially for carbohydrates, may be attrib-
uted to the high energy values of molasses.

Conclusion

Including aqueous administration of egg lime molasses 
solution in the drinking water of Japanese quails did not 
alter the growth performance and carcass parameters, 
but administration of 20 mL per 500 mL of drinking 
water would be most appropriate for effective energy 
digestibility.

Ethical Considerations

Compliance with ethical guidelines

The use and care of animals followed the guidelines of 
the National Research Council (NRC) for research.

Table 4. Carcass evaluation of Japanese quails administered egg lime molasses solution at finisher phase

Parameters T1 T2 T3 T4 T5

Live weight (g) 149.75± 8.06 156.00±15.15 169.00±19.16 140.67±11.67 146.00±8.21

Bled weight (g) 146.00±8.16 152.25±15.07 166.25±19.08 138.67±11.68 142.50±8.26

Defeathered (g) 131.97±3.42 129.88±11.34 151.95±16.48 133.13±13.01 130.86±5.83

Eviscerated (g) 115.72±2.08 115.07±10.86 133.00±12.36 117.00±12.10 116.50±4.09

Visceral organs (g) 16.25±2.73 14.81±2.86 18.95±4.54 16.13±2.04 14.36±2.53

Dressed weight (g) 101.99±2.79 103.08±10.61 123.50±10.82 106.00±12.34 106.00±3.03

Dressing Percent (%) 68.76±4.39 66.60±5.26 73.81±3.62 75.00±3.09 73.25±4.37

P>0.05=No significant difference.
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