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Abstract
This study evaluated the effects of dietary inclusion of casimiroa seed kernel (CSK) meal on growth performance, carcass
characteristics, and profitability of broiler chickens for 42 days. A total of 192 Cobb-500 chicks were randomly assigned
into four treatments with four replicates of 12 chicks each. Rations consisted CSK meals at 0% (T1-control), 1.5% (T2), 3%
(T3), and 4.5% (T4) were formulated. The crude protein and metabolizable energy content of CSK meal were 12.48% and
3571.26 kcal/kg, respectively. During the starter phase, broilers fed T3 exhibited a significantly lower feed conversion ratio
(P > 0.05) than those on T4. They achieved a better (P < 0.05) FCR than those on T4, T2, and T1 diets during the finisher
phase and entire period. Furthermore, chickens fed T3 showed significantly higher (P < 0.05) body weight changes, final
body weight, and average daily gain than T4. Moreover, percentages of carcass, thigh, and breasts were significantly
higher (P < 0.05) for T3 than T1 and T4. Weights of the liver and heart were highest (P < 0.05) for T4 compared to T1, T2,
and T3. Lung and small intestine weights were higher for T2 and T3. However, abdominal fat weight significantly
decreased with increasing level of CSK. Females had significantly higher (P < 0.05) fat weights than males. Total feed
cost decreased with increasing levels of CSK meal. The highest net return was recorded in T3, followed by T2 and T1.
Based on evaluated production parameters, it is advisable to incorporate underutilized CSK meal up to 3% in broiler
rations to boost performance and profitability.

1. INTRODUCTION
There is an expected significant increase in broiler chicken production in the coming decades to meet the growing global
demand for poultry meat (Mottet and Tempio 2017; Zampiga et al. 2021). However, feed shortages, primarily due to
reliance on expensive conventional feed resources, are anticipated to challenge the sector's expansion and profitability
(Makinde et al. 2021). These challenges have prompted a number of initiatives to explore alternative feedstuffs that do
not compete with food staples for human consumption (Guaiume 2007). Utilization of alternative/ unconventional feed
resources, for instance, can play a critical role in spicing up feed options as well as reducing over-reliance on
conventional feeding substitutes (Mammo 2012). According to the works of Abd El Hack et al. (2019) Such alternatives
feedstuffs, especially agricultural and agro-industrial by-products, contribute significantly to the health of broiler chickens,
improve their general growth performance, and promote the economic sustainability of this sector. Use of these 
feedstuffs in broiler diets enhance digestibility of nutrients, control pathogenic microorganisms and improve absorption
of energy-rich nutrients (Al-Harthi 2002; El-Deek et al. 2003). About this issue many researches revealed that, agri-food
wastes (e.g., peels, fruit seeds) are rich in bioactive compounds, such as polyphenols, which are effective with
antimicrobial, antioxidant, anti-inflammatory, antiparasitic, and immunostimulant properties that improve broiler chicken
performance (George et al. 2020b; Corona et al. 2023; Valero and Salmeron 2003).

In this context, fruit of Casimiroa (Casimiroa edulis L.) belonging to family Rutaceae has been identified as a valuable by-
product. These plants are abundantly available, cheaper, and highly yielder; a single mature plant of Casimiroa edulis
yields close to one ton of fruit per year (Ahlawat 2016; Genanew et al. 2022). Though the fruit pulp can be eaten, seeds
kernels become waste (Satheesh 2015; Agustín et al. 2017). But these seed kernels also contain phenolic compounds,
flavonoids, alkaloids, coumarins, and limonoids (Awaad et al. 2007; Elkady et al. 2017), together with abundant amino
acids and unsaturated fatty acids (94.2%) (Ahlawat et al. 2016; Elkady et al. 2017). These are also abundant with various
sugars such as galacturonic acid, arabinose, and glucose (Ibrahim et al. 2019). This general picture of nutrition reveals
the potential value of these seed kernels, which otherwise were not regarded as a valuable resource.

Pharmacological activity of bioactive compounds in casimiroa seed kernels (CSK) has been analyzed for antimicrobial,
antioxidant, anticonvulsant, cardiovascular, and anti-inflammatory activity (Elkady et al. 2017) that can contribute to the
health and performance of broiler chickens. For instance, Ibrahim et al. (2019) demonstrated that diabetic rats treated
with 500 mg/kg of Casimiroa edulis seed protein experienced a significant reduction in blood glucose levels, from 600 to
117.28 mg/dl, along with improved weight gain, enhanced liver function, and increased antioxidant activity. Moreover, a



Page 3/19

study based on laying hens fed with nanoencapsulated meal of fruit of Casimiroa edulis at 5 g/kg for one month revealed
no adverse cellular effects but promoted cell proliferation, immunity, and enhanced antioxidant activity (Corona et al.
2023).

Despite several studies documenting the significant phytochemical composition and pharmacological effects of CSK
meals, their impact on productive parameters of broiler chickens—such as growth performance, carcass characteristics,
and economic efficiency—has been insufficiently evaluated. Therefore, determining the optimum inclusion levels of CSK
meals to enhance these productive traits while minimizing overall costs remains an important area for further research.
This study aims to evaluate the effects of incorporating different levels of CSK meals on the growth performance, carcass
yield, and profitability of broiler chickens.

2. MATERIALS AND METHODS

2.1. Description of study area
The experiment was conducted in Haramaya University's poultry farm, located 515 km east of Addis Ababa, of Ethiopia.
The site is situated at an altitude of 2006 meters above sea level, with coordinates of 9ο 41' N latitude and 42ο 4' E

longitude. The area experiences the mean annual rainfall and temperature were 790 mm and 17oC with mean minimum
and maximum temperatures of 14 and 23.4oC, respectively (Mengesha et al. 2015).

2.2. Ingredients and Treatment Ration Preparations
The diet used in the current study consisted of a variety of feed ingredients, including maize, wheat shorts, soybean meal,
noug seed cake, casimiroa seed kernel (CSK) meal, and salt. Besides, the diet included essential nutrients like; vitamin
and mineral premix, methionine, lysine, limestone, and dicalcium phosphate. To obtain the test ingredient, Casimiroa fruit
was collected from Casimiroa trees grown in the Eastern Hararghe, specifically in Maya city of Adele woreda, Dengego
kebele. Fully ripened Casimiroa fruits were selected for seed collection. The Casimiroa fruit pulp and seed kernels were
carefully separated, and the seed coats were removed before soaking. The seed kernels were thoroughly washed with tap
water to reduce contamination. Then, to prepare the seeds for inclusion in the diet, they were chopped using a kitchen
knife and soaked in cold water for 24 hours. This soaking process helped to reduce the levels of anti-nutritional factors
present in the seeds (George et al. 2020a). After soaking, the chopped seeds were sun-dried for 4 days (8–10 hours per
day). Once completely dried, the seeds were ground to a particle size of 5 mm using a grinding machine, producing the
final meal. To maintain its quality, the CSK meal was stored in an airtight container to prevent contamination.

2.3. Experimental House, Birds and Feeding Management.
Prior to the actual experiment, the experimental house underwent thorough cleaning and disinfection. The floor was
covered with teff straw to a depth of 7 cm and disinfected using hydrogen peroxide before placing the birds. Each pen
was equipped with a 250-watt infrared heat bulb. A circular plastic feeder and drinker were placed in each pen one day
prior to introducing the birds. A total of 192 unsexed and day-old broiler chicks (Cobb500) were purchased from Alama
Farm PLC in Bishoftu, Ethiopia, and then transported to Haramaya University poultry farm. The broiler experiment was
carried out for a total of 42 days. The starter phase was fed until three weeks of age, while the finisher phase started from
the 4th up to the 6th week of age. Water was provided at all times, and measured quantities of the experimental ration
were offered ad libitum twice a day, at 8:30 am and 5:00 pm, with the expected 20% refusal. The amount of feed refused
was recorded each morning to determine feed intake. Bodyweight measurements were taken at the beginning of the
experiment and at weekly intervals throughout the trial period, as well as at the end of the feeding trial, using a sensitive
balance. The standard biosecurity protocol was strictly followed throughout the entire experiment. The chicks were
vaccinated against Newcastle disease (HB1) on day 7, and a booster dose of Lasota was administered via eye drops on
day 21. They were also vaccinated against infectious bursal (Gumboro) disease as recommended by the manufacturers.
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2.4. Experimental Design and Treatments
The experiment was organized using a completely randomized design (CRD) with four dietary treatments (T1, T2, T3, and
T4,) indicating CSK meals inclusion levels of 0%, 1.5%, 3%, and 4.5% respectively in the concentrate mixture. All
experimental birds were randomly assigned to these dietary treatments, each had four replications and each replication
had 12 birds. Win feed software was used to formulate the treatment rations to be iso-caloric and iso-nitrogenous to meet
the nutrient requirement of broilers (NRC 1994). The starter and finisher diets were formulated separately as indicated in
the Table 1. Finally, formulated rations were processed at the Haramaya Area Union Animal Feed Processing Centre.

Table 1
The proportion of ingredients (%) for starter and finisher broiler chickens ration

Ingredients Starter (1–3 weeks) Finisher (4–6 weeks)

T1 T2 T3 T4 T1 T2 T3 T4

Maize grain 47 46.5 46.5 45 58 57.5 56 54.5

Soybean meal 30.25 30.25 30.25 30.25 31.5 31.5 31.5 31.5

Noug seed cake 16.25 16.25 16.25 16.25 4.8 4.8 4.8 4.8

Wheat shorts 3.5 2.5 1 1 2.5 1.5 1.5 1.5

CSKM 0 1.5 3 4.5 0 1.5 3 4.5

Limestone 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Vitamin premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Lysine 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Methionine 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Dicalcium phosphate 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Salt 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5

Total 100 100 100 100 100 100 100 100

CSKM = Casimiroa Seed Kernel Meal; T1 = 0% CSKM, T2 = 1.5% CSKM, T3 = 3% CSKM, T4 = 4.5% CSKM

2.5. Data Collection

2.5.1. Feed intake, body weight changes and mortality rate
Daily feed consumption was calculated by subtracting feed refusals from the feed offered. Bird weights were recorded at
the start and on days 7, 14, 21, 28, 35, and 42 by weighing all birds in each pen before feeding. Body weight (BW) gain was
determined as the difference between final and initial weights, while average daily gain (ADG) was calculated by dividing
BW gain by the total experimental days. FCR was obtained by dividing daily dry matter (DM) intake by ADG (Shawle et al.
2016). The performance index was calculated by dividing BW gain by FCR and multiplied by hundred (North 1981).
Mortality rate was expressed as a percentage of dead birds relative to the initial population.

2.5.4. Carcass traits and slaughter procedure
At the end of feeding trial, 64 birds (16 per treatment and 4 per replication each comprising two males and two females)
were selected for carcass evaluation based on body weights closest to the group average. The birds were subjected to a
12-hour fasting period to ensure their crops were emptied (Ari et al. 2013). Pre-slaughter weights were taken, and after
slaughter and bleeding, de-feathering was carried out using a de-feathering machine. The dressed carcass weight was
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then measured after the removal of blood and feathers. Dressing percentage was calculated in accordance with the
procedure outlined by FAO (2001). To determine the eviscerated carcass weight, the combined weight of non-edible offal
(blood, feathers, lower legs, head, kidneys, lungs, pancreas, crop, proventriculus, small intestine, caeca, large intestine,
cloaca, and urogenital tracts) were subtracted from the dressed carcass weight. Finally, the eviscerated percentage was
calculated as a proportion of the slaughter weight (FAO 2001). All the eviscerated carcass (drumstick, thigh, breast,
wings, back, neck meat), edible offal (heart, gizzard, and liver), and the aforementioned non-edible offal components were
individually weighed using a sensitive balance. Then, their percentage was calculated relative to the pre-slaughter weight
(Kekeocha 1985). The length of gastrointestinal tract (GIT) parts (small intestine, large intestine, and caeca length), were
measured using a measuring tape. Finally, abdominal fat was measured by weighing the fat removed from the
proventriculus to the cloaca.

2.5.5. Chemical analysis of the feed
To ensure the formulated ration met nutritional requirements of broiler chickens, representative sample from each dietary
treatment was taken and the chemical composition analysis was carried out in Haramaya University animal nutrition
laboratory. The diets were analysed for their dry matter (DM), crude fibre (CF), ash, ether extract (EE), calcium, and
phosphorus contents. Nitrogen (N) was determined according to the Kjeldahl procedure (AOAC, 2011). Then, crude
protein (CP) was calculated as N × 6.25. Calcium and phosphorus were also measured by using atomic absorption
spectroscopy and spectrophotometry, respectively (AOAC 2011). The metabolizable energy (ME) content of the
experimental diets was calculated by adopting the equation proposed by Wiseman (1987) as follows: ME (Kcal/kg DM) = 
3951 + 54.4 EE − 88.7 CF − 40.8 ash

2.5.6. Production and economic efficiency analysis
The economic efficiency of feeding rations containing different levels of CSK meals was evaluated using the European
Broiler Index (EBI) and the Production Efficiency Factor (PEF) (Marcu et al. 2013).

Where: Liveability (%) = chicks alive at the end of the period (%), Age (day) = the age of the chick at slaughter, Body weight 
= final body weight

Partial budget analysis (PBA) was performed to evaluate the economic advantage of the different treatments by using the
procedures of (Upton 1979). Hence, PBA was to evaluate the economic benefits of incorporating Casimiroa fruit seed
kernel meals into broiler chicken diets. The analysis considered feed costs, assuming similar chick purchase prices, and
carcass selling prices based on average live weight across treatments. Labor and vaccination costs were deemed
constant for treatments (Shapiro et al. 1994). Feed cost per bird was calculated by multiplying feed consumption by cost
per kilogram. Variable costs were the difference between feed expenses for each diet and live bird prices Upton 1979;
Shapiro et al. 1994). Net income (NI) was determined by subtracting total variable costs (TVC) from total rate of returns
(TRR): NI = TRR – TVC. Changes in net income (∆NI) were calculated as ∆NI = ∆TRR - ∆TVC, where ∆TRR and ∆TVC
represent changes in returns and costs, respectively. The marginal rate of return (MRR) quantified the increase in ∆NI per
unit of additional expenditure: MRR = ∆NI / ∆TVC.

2.6. Statistical Analysis
Data were processed and analysed using one-way ANOVA and General Linear Model (GLM) procedures in the statistical
analysis system of JMP pro. 17.2 version software program. When analysis of variance showed significance, treatment

EBI =
Viability (%) * Daily weight gain (g)

FCR (kg feed/kg gain) *10

PEF = *100
Viability (%) *Body weight (Kg)

Age at depleted (days) *FCR
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means were separated using the Tukey test. A probability level (P) of 0.05 was used to determine differences among the
treatment means, which were significantly different (P < 0.05). The mean values and the standard errors of the means
(SEM) were reported. Statistical models set for data analysis were as follows: Yijk = µ + Ti + Eij, where: Yijk = represents
the jth observation in the ith treatment levels, µ = overall mean of a response variables, Ti = the fixed effect of ith CSK meal
inclusion levels (i = 0, 1.5, 3, 4.5) in the response variables and Eij = error term. To determine effects of sex and sex-
treatment interactions on carcass characteristics two-way ANOVA ware performed.

3. RESULTS

3.1. Chemical Composition of Ingredients and Experimental Ration
The laboratory analysis results for the experimental diets and main feed ingredients are presented in Table 2. As
anticipated, the four treatment rations were nearly isocaloric and isonitrogenous. Among the tested ingredients,
Casimiroa seed kernel (CSK) meal exhibited the highest metabolizable energy (3571.26 kcal/kg DM), surpassing wheat
shorts, soybean meal, and noug seed cake, and was comparable to maize grain. Furthermore, CSK had the highest
calcium content and the lowest crude fiber content relative to the other major feed ingredients. Notably, its crude protein
content (12.48%) was significantly higher than that of maize grain (9.45%), indicating that CSK could serve as a cost-
effective alternative to expensive energy-rich feed ingredients.

Table 2
Chemical composition of the main ingredients and the ration (based on DM%)

Ingredients DM% CP CF EE Ash Ca P ME (Kcal/kg DM)

Maize 90.32 9.45 4.16 3.76 4.67 0.07 0.46 3595.72

Wheat shorts 90.94 15.35 9.67 3.48 4.74 0.16 0.60 3089.19

Soybean meal 93.31 39.44 8.62 4.21 5.97 0.34 0.56 3171.72

Noug seed cake 92.06 30.45 16.48 7.41 10.8 0.33 0.58 2451.46

CSKM 89.08 12.48 2.94 0.96 4.19 1.01 0.11 3571.26

Starter phase                

T1 89.58 21.87 8.43 4.89 7.57 0.39 0.45 3160.89

T2 89.83 22.03 8.18 4.75 8.15 0.62 0.48 3150.67

T3 89.15 21.91 7.99 4.57 8.12 0.68 0.51 3159.62

T4 88.77 21.96 7.95 4.39 8.31 0.65 0.37 3145.13

Finisher phase                

T1 87.64 19.67 8.03 4.38 6.60 0.47 0.31 3207.96

T2 88.74 19.74 7.98 4.28 6.54 0.34 0.38 3209.30

T3 88.31 19.92 7.99 4.53 6.91 0.73 0.31 3206.81

T4 88.54 20.01 8.05 4.59 7.02 0.81 0.42 3200.38

T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise Casimiroa Seed Kernel Meal rations, respectively, ME = 
Metabolizable energy, Kcal = Kilocalorie, Kg = Kilogram, P = Phosphorous, Ca = Calcium, EE = Ether extract, CF = Crude
fiber, CP = Crude protein, DM = Dry matter

3.2. Feed Intake, Growth and Performances
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Feed intake, nutrients utilization and growth performances of broiler chicken at different stages of development is
presented in Table 3. Feed intake, body weight changes, mortality rate, and performances index of the chicken during the
starter phase were similar across dietary treatments with varying level of CSK meals. The most efficient feed conversion
ratio (FCR) (p < 0.05) was observed in birds fed with T3, followed by T2. During the finisher phase of feeding management,
and the entire period, inclusion of CSK meal significantly influenced (p < 0.05) all performance parameters except feed
intake and mortality rate. Similarly, birds which fed on the T3 diet demonstrated superior final body weight, weight gain,
and average daily gain compared to T4 while showing no significant differences from T2 and T1. Moreover, birds under T3
exhibited a significantly better FCR (p < 0.05) compared to other treatments and achieved the highest performance index
(p < 0.05) during both the finisher and overall periods.
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Table 3
Performances of broilers fed on ration comprising different levels of CSK meals

Parameters Treatments SEM P-Value  

Starter Phase (1–21
days)

T1 T2 T3 T4  

Initial body weight
(g/bird)

42.65 41.68 43.73 42.21 0.79 0.350  

Feed intake (g/bird) 1047.49 1011.42 1003.73 970.35 22.13 0.16  

Final body weight
(g/bird)

507.07 500.81 509.96 435.6 19.04 0.051  

Body weight gain
(g/bird)

464.42 459.12 466.23 393.39 18.87 0.051  

Average daily gain
(g/day)

22.12 21.86 22.20 18.73 0.90 0.051  

Daily feed intake(g/bird) 49.88 48.16 47.79 46.21 1.05 0.161  

Feed conversion ratio 2.26 ab 2.21 ab 2.16 b 2.48 a 0.072 0.040*  

Performance index 19.65 20.58 21.56 16.61 1.17 0.057  

Mortality (%) 2.08 4.17 2.08 2.08 2.17 0.873  

Finisher Phase (21–42
days)

             

Initial body weight
(g/bird)

507.07 500.81 509.96 435.6 19.04 0.051  

Feed intake /Chick
(g/bird)

2761.88 2800.35 2665.83 2725.2 48.26 0.288  

Final body weight
(g/bird)

1759 ab 1785.85a 1903.83a 1580.9b 46.80 0.003*  

Body weight gain
(g/bird)

1251.9ab 1285.2ab 1393.87a 1145.3b 34.90 0.002*  

Average daily gain
(g/day)

59.61 ab 61.19ab 66.37a 54.53b 1.66 0.002*  

Daily feed intake(g/bird) 131.52 133.35 126.94 129.77 2.30 0.288  

Feed conversion ratio 2.21a 2.18a 1.91b 2.39a 0.06 0.001*  

Performance index 20.55b 21.05b 27.44a 17.83b 1.10 0.0004*  

Mortality (%) 6.25 2.08 4.17 2.08 2.17 0.495

Entire Period (1–42
days)

             

Initial body weight
(g/bird)

42.65 41.68 43.73 42.21 0.79 0.350  

T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations, respectively. a,b, c = Means
within a row with different superscripts are significantly different (p < 0.05), SEM = Standard error of mean
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Parameters Treatments SEM P-Value  

Starter Phase (1–21
days)

T1 T2 T3 T4  

Feed intake /Chick
(g/bird)

3809.36 3811.77 3669.56 3695.54 61.84 0.275  

Final body weight
(g/bird)

1759 ab 1785.85a 1903.83a 1580.8b 46.80 0.003*  

Body weight gain
(g/bird)

1716.4ab 1744.17a 1860.1a 1538.7b 46.67 0.003*  

Average daily gain
(g/day)

40.87ab 41.53a 44.29 a 36.63b 1.11 0.003*  

Daily feed intake(g/bird) 90.70 90.76 87.37 87.99 1.47 0.2753  

Feed conversion ratio 2.22 a 2.19 ab 1.97 b 2.41a 0.05 0.000*  

Performance index 20.30b 20.92b 25.73a 17.44b 0.87 0.0002*  

Mortality (%) 8.33 6.25 6.25 4.17 2.55 0.726  

T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations, respectively. a,b, c = Means
within a row with different superscripts are significantly different (p < 0.05), SEM = Standard error of mean

3.3. Carcass Parameters

3.3.1. Carcass yield
Carcass yield components of broilers fed on diets containing different levels of CSK meals is shown Table 4. There were
no significant differences (p > 0.05) in live weight, dressed weight, eviscerated weight, and percentages of drumstick,
wings, and neck among birds under different dietary treatments. Whereas inclusion of CSK meal significantly affected
carcass, thigh, and breast percentages (p < 0.05) in which birds under T3 had exhibited superior performances as
compared with T1 and T4. There were no significant effects (p > 0.05) of sexes and sex-by-treatment interactions.

3.3.2. Edible offal and abdominal fat weight
The total giblet, gizzard, liver, heart, skin weights, and abdominal fat (AF) percentage is presented in Table 5. There was no
significant difference (p > 0.05) in weight among the total giblet, gizzard, and skin while the inclusion of CSK meal in the
ration significantly (p < 0.05) affected the average weights of liver, and heart percentage (T1 = T2 = T3 < T4). Broilers which
fed on T1 diet had a higher abdominal fat percentage than those in T3 and T4 diets. Sex had a significant effect (p < 0.05)
on abdominal fat percentage, in which female birds exhibited higher AF values than males while it had no significant
effect (p > 0.05) on the remaining edible offal parameters.

3.3.3. Non-edible offal
Table 6 is shown non-edible components (ceca, crop, lung, spleen, proventriculus, small and large intestines). Except lung
and small intestine (SI) weights, all other non-edible offal parameters were not significantly influenced (p > 0.05) by the
inclusion of CSK meal in the broiler ration Lung weight was significantly higher (p < 0.05) in T3 while the smallest SI
weight was recorded by those birds fed on T1 and T4 diet (Table 6). There were no significant differences (p > 0.05) in
non-edible offal weight with respect to sex and interaction between sex and treatment.
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Table 4
Carcass yield components of broilers fed ration containing different levels of CSK meals

  Treatments Sex T*Sex

Parameters T1 T2 T3 T4 SEM P
value

M F P-
Value

P-
Value

Live wt (g) 1763.63 1789.5 1846.38 1632.25 55.06 0.068 1793.81 1722.06 0.205 0.812

Dressed wt
(g)

1618.63 1664.9 1719.75 1504.13 55.24 0.065 1654.13 1599.56 0.333 0.817

Dressing% 91.76 92.97 93.17 92.11 0.58 0.279 92.18 92.82 0.285 0.219

Eviscerated
wt (g)

1311.38 1390.5 1445.88 1259.63 44.95 0.053 1373.94 1329.75 0.335 0.989

Eviscerated
%

74.44 77.80 78.29 77.17 1.06 0.072 76.58 77.27 0.525 0.365

Carcass % 63.12b 66.15ab 66.76a 64.92b 0.92 0.049* 65.04 65.43 0.675 0.475

Drumstick% 10.57 10.59 10.63 10.43 0.22 0.570 10.65 10.46 0.418 0.220

Thigh% 11.12b 11.42ab 12.29a 11.03b 0.26 0.007* 11.61 11.22 0.146 0.712

Breast% 26.49b 29.65
ab

29.74a 27.48b 0.55 0.004* 28.13 28.55 0.450 0.832

Wings% 4.21 4.21 4.08 4.37 0.11 0.340 4.19 4.24 0.669 0.654

Back % 7.53 7.55 7.29 8.12 0.22 0.074 7.46 7.78 0.150 0.678

Neck % 3.02 3.14 3.03 3.29 0.11 0.296 3.03 3.21 0.125 0.123

a, b, c = Means within a row with different superscripts are significantly different (p < 0.05), SEM = Standard error of the
mean, T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations, respectively. M = Male,
F-Female, T*S = Treatment-sex interaction, g = gram

Table 5
Edible offal and abdominal fat weight of broilers fed ration containing different levels of CSK meals

  Treatments Sex T*Sex

Parameters T1 T2 T3 T4 SEM p-
Value

M F p-
Value

p-
Value

Total giblet 80.25 81.50 82.88 86.63 1.63 0.058 83.75 81.88 0.262 0.715

Gizzard (g) 32.5 32 32.88 31.63 0.92 0.786 32.44 32.06 0.688 0.566

Liver wt (g) 40.00b 41.38ab 41.63ab 45.13a 1.03 0.012* 42.56 41.50 0.310 0.604

Heart wt (g) 7.75b 8.13b 8.38b 9.88a 0.36 0.002* 8.75 8.3125 0.235 0.844

Skin wt (g) 107.88 115.75 113.88 108 6.95 0.798 111.5 111.25 0.972 0.996

AF% 1.43 a 1.23 ab 0.86b 0.85b 0.10 0.004* 0.98b 1.21a 0.024* 0.113

Edible offal (TG + skin), TG = (Gizzard + Heart + Liver), a, b, c = Means within a row with different superscripts are
significantly different (p < 0.05), SEM = Standard error of the mean, T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise
casimiroa seed kernel meal rations, respectively. M = Male, F-Female, T*S = Treatment-sex interaction, g = gram, AF = 
abdominal fat weight
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Table 6
Non-edible offal weight of broilers fed ration containing different levels of CSK meals

  Treatments Sex T*Sex

Parameters T1 T2 T3 T4 SEM P -
value

M F p-
Value

p-
Value

Spleen wt
(g)

2.25 3.25 2.75 2.25 0.30 0.076 2.63 2.63 1.00 0.260

Kidney wt
(g)

10.50 10.63 11.50 9.63 0.58 0.178 10.75 10.38 0.521 0.457

Lung wt (g) 9.00 b 11.38
ab

13.38 a 10.63
ab

0.78 0.005* 11.5 10.69 0.306 0.543

Crop wt (g) 14.38 12.00 12.00 12.38 0.79 0.129 13.25 12.13 0.167 0.999

Pro. wt (g) 9.5 10.38 10.75 9.75 0.84 0.708 10.31 9.88 0.606 0.584

SI wt (g) 76.5b 87.25a 90.5a 78.5b 3.59 0.002* 81.31 85.06 0.307 0.247

SI length
(cm)

183.38 190.38 187.00 186.00 4.86 0.098 182.31 186.06 0.448 0.432

LI wt (g) 2.88 3.38 3.5 2.75 0.37 0.418 2.94 3.31 0.323 0.510

LI
length(cm)

9.00 10.75 9.25 9.38 0.47 0.059 9.44 9.75 0.509 0.144

Ceca wt (g) 12.13 12.00 13.25 11.88 0.99 0.750 12.69 11.94 0.458 0.203

Ceca
length(cm)

18.15 18.13 18.88 17.13 0.61 0.988 18.13 18.00 0.839 0.269

a,b,c = Means within a row with different superscripts are significantly different (p < 0.05), SEM = Standard error of the
mean, T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations, respectively. M = Male,
F-Female, T*S = Treatment-sex interaction, g = gram, cm = centimetre, Pro.= proventriculus, SI = small intestine, LI = 
large intestine

3.4. Production Efficiency and Partial budget analysis
European broiler index (EBI) and production efficiency factor (PEF) among the treatment groups during starter and
finisher phases of broiler feeding management are presented in Table 7. There was no significant difference (p < 0.05) in
EBI and PEF among dietary treatment groups during starter feeding management phase. Whereas EBI and PEF value
during the finisher phase was significantly higher (p < 0.05) in T3 as compared with T1, T2 and T4 dietary treatments while
T1, T2 and T4 exhibited similar EBI and PEF values. Throughout the entire periods, birds fed on T3 had higher (p < 0.05)
EBI and PEF values compared to T4 while these values recorded under the later experimental diet, were similar with T1
and T2. The highest net profit was obtained from selling meat produced from birds fed on T3 diet with a net profit of
113.41 ETB, followed by T2 and T1 with net profits of 92.31 and 71.47 ETB respectively (Table 8). Whereas, the least profit
was earned from the birds consumed T4 ration. High marginal rates of return were observed in T3, followed by T2, and
then T1.
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Table 7
Production efficiency of broilers fed different levels of CSK meals

Parameters Treatments    

Production efficiency T1 T2 T3 T4 SEM P- value

Starter (1–21) EBI 95.84 95.47 101.72 75.20 7.55 0.123

PEF 104.65 104.11 111.22 83.19 7.96 0.125

Finisher (22–42) EBI 253.21b 274.68b 332.37a 226.17b 12.60 0.0005*

PEF 355.92b 381.80 ab 454.03 a 312.04 b 17.64 0.0008*

Entire period (1–
42)

EBI 168.78ab 178.76ab 210.72a 146.99b 10.57 0.0083*

PEF 172.98ab 183.02ab 215.68a 151.01b 10.75 0.0084*

EBI = European broiler index, PEF = Production efficiency factor, a, b, c Means within a row with different superscripts
are significantly different, T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations,
respectively, SEM = standard error of the mean

Table 8
Profitability analysis for broilers fed different levels of CSK meals

Parameters Treatments

Cost T1 T2 T3 T4

Chicken cost (ETB) 93.00 93.00 93.00 93.00

Total feed consumed/chicken (kg) 3.809 3.812 3.670 3.696

Per unit feed cost (ETB) 42.89 42.58 42.25 41.85

Total feed cost/ chicken (ETB) 163.38 162.32 155.06 154.66

Total cost / chicken (ETB) 256.38 255.32 248.06 247.66

Income        

Average of eviscerated wt (kg) / chicken 1.31 1.39 1.45 1.26

Price/kg of carcass (supermarket) (ETB) 250 250 250.00 250.00

Total return / chicken (ETB) 327.85 347.63 361.47 314.91

Net return/chicken (ETB) 71.47 92.31 113.41 67.25

Marginal rate of return 0.22 0.27 0.31 0.21

T1, T2, T3 and T4 = 0, 1.5, 3 and 4.5 level comprise casimiroa seed kernel meal rations, respectively, ETB = Ethiopian
birr

4. DISCUSSION

4.1. Chemical composition
The treatment diets contained metabolizable energy and protein levels that met the nutritional requirements for both
starter and finisher broilers (NRC, 1994). Additionally, the rations provided adequate calcium and phosphorus, with
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concentrations aligning with recommendations: 1% Ca and 0.45% P for the starter phase, and 0.9% Ca and 0.35% P for
the finisher phase (NRC, 1994)

4.2. Feed Intake and Growth Performance traits
In this study, it was shown that CSK meal (T3) utilized at 3% level in the finisher phase and the entire feeding periods,
significantly improves final body weight, body weight gain and average daily gain; these findings are consistent with Abu
Hafsa and Ibrahim (2018). The authors reported increased final body weight, body weight gain, and feed conversion ratio
(FCR) with no change in feed intake in broiler birds fed with diet incorporated with 20 g/kg of grape seed over 42 days.
Similar to the present result, earlier findings of Ibrahim et al. (2019) reported that diabetic rats treated with 500 mg/kg of
CSK meal protein gained 93 g more weight than those treated with 10 mg/kg of the standard drug glibenclamide. The
existence of complex bioactive compounds like coumarins and flavonoids in CSK meal are likely responsible for these
enhancements (Tun et al. 2020). These compounds are known for their pharmacological properties, including
antibacterial, antimicrobial, and antioxidant effects (Elkady et al. 2017; Widelski et al. 2018; Nath and Aravindkumar,
2021). In addition, Duskaev et al. (2020) and Obianwuna et al. (2024) have reported that diets rich in coumarin and
flavonoids have enhanced the broilers' gut health via the activation of beneficial microbes, inhibition of pathogenic ones,
enhancement of the efficacy of nutrient absorption, and improvement of the general gastrointestinal system, thus leading
to enhanced growth performances.

In this current study, the trends of enhanced FCR observed up to 3% CSK meal inclusion level in all phases indeed agree
with those of Saleem et al. (2024), who stated the better FCR towards increasing level of mango seed kernel meal from
10–30 g/kg and lower at higher level (40 g/kg) in broiler rations. The FCR improvement might be related to the flavonoids
present in CSK meal, due to Nath and Aravindkumar (2021) reported flavonoids are strong antioxidants that reduce
oxidative stress in broilers, which enhances growth rate and feed conversion efficiency. They argued that flavones might
enhance the binding of growth hormone to hepatic growth hormone receptors and stimulate insulin-like growth factor
levels to positively regulate the growth of broilers. Furthermore, Obianwuna et al. (2024) stated that flavonoids improve
gut health by enhancing nutrient absorption and villi height. Tan et al. (2022) also reported the statement by adding that
flavonoids induce fat metabolism via stimulating fat degradation and inhibiting adipogenesis which implicates their
action in better body composition and FCR improvement.

In general, the existence of significant differences in broiler growth performances at the 3% inclusion level of CSK meal
(T3) during the finisher phase and entire feeding periods indicated that the optimum benefits of CSK meal are achieved at
moderate levels. According to Adetunji et al. (2020), a balanced diet with a balanced fiber content enhances gut health
and nutrition absorption throughout the starter and finisher stages supported current findings. However, the considerable
decrease in growth performance at the highest inclusion (4.5% CSK meal) level during the finisher and the entire period
may be related to the existence of certain anti- nutritional factors. According to Elkady et al. (2017), complete CSK meal
contains 53.73 mg/g concentration of tannins which might have hindered the bioavailability of nutrients. In the same line,
Azizi et al. (2018) observed that the body weight decreased progressively after the addition of more than 5% dried apple
pomace in the diets for the broilers. In accordance with the present study, Abu Hafsa and Ibrahim (2018) reported
improved growth performance and constant feed intake at moderate levels of grape seed inclusion (20 g/kg) but
decreased at higher levels of grape seed over the 42-day duration.

4.3. Carcass Traits
Improved carcass weight percent, including breast and thigh muscles, at 1.5 and 3% inclusion levels of CSK, might be
attributed to high concentrations of valuable bioactive compounds such as unsaturated fatty acids and flavonoids, and
other essential nutrients. These results are supported by Tareen et al. (2017), who found similar enhancement with a 3%
inclusion level of palm kernel meal in broiler diets. In the same vein, Saleem et al. (2024) confirmed similar results when
including 30 g/kg mango seed kernel meals in broiler rations. The study showed the potentials of locally available fruit
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seed kernels to stimulate muscle growth, augment feed efficiency, and improve general meat production in broiler
chickens. Unsaturated fatty acids, accounting for nearly 94.2% of the fatty acid composition in CSK meals (Elkady et al.
2017), would likely be responsible for metabolic processes that facilitate the development of lean muscle mass. As
DeLany et al. (1999) mentioned, a high concentration of unsaturated fatty acids, such as linoleic acid, makes a particularly
significant contribution to the enhancement of lean muscle mass and muscle development in the abdominal area. This is
probably due to its role in increasing lipid metabolism and suppressing fat deposition. Also, flavonoids are another
significant bioactive compound found in CSK meals at a concentration of 14.4 mg/g on a dry weight basis (Elkady et al.
2017), which is an additional benefit by acting as natural antioxidants. These are found to prevent lipid oxidation and
improve the quality of meat in general. By decreasing oxidative stress, flavonoids allow for a higher proportion of lean
cuts in breast and thigh muscles, which have high interest in poultry production. This agrees with the observed carcass
composition improvement in the current study.

In the current study, inclusion of CSK meal up to 3% in broiler diets had no adverse effects on liver or heart weights,
indicating as it is optimum inclusion level. According to Bone (1979), changes in organ weights specifically liver and heart
weights, usually occur due to heightened metabolic activity aimed at detoxifying the body. Absence of the weight change
of these organs in this study indicated the diets were free from toxic substances or anti-nutritional factors up to 3% CSK
meal inclusion (T3). At the inclusion level of 4.5% CSK meal, however, an increase in the weight of liver and heart was
observed. This effect is consistent with the finding of George et al. (2020), who also noticed the same effects at high
inclusion rates of avocado seed kernel meal on broiler organ weights. The increased size of the heart and liver at higher
levels of CSK meal inclusion may be attributed to the presence of tannins in the seeds. This agrees with Bawa et al.
(2006) and Abu and Tanimowo (2012), who attributed increased organ weights to the presence of antinutritional factors
that would influence organ growth.

The content of abdominal fat can be decreased as the level of CSK meals increases because casimiroa seed kernel
meals contain high amounts of alpha-linolenic acid and amino acids. Elkady et al. (2017) and Ibrahim et al. (2019)
revealed that the seed kernels of Casimiroa edulis are rich in the alpha-linolenic acid and essential amino acids. Chickens
with diets high in alpha-linolenic acid tended to have lower deposits of abdominal fat, unlike those on diets high in
saturated fatty acids (Kartikasari et al. 2018). Amino acids may also prevent visceral fat through inhibition of hepatic fatty
acid synthase activity and activation of glycogenesis, thus significantly reducing fat accumulation (Loizzo et al. 2018).
The abundance of abdominal fats presents in female birds indicates a higher tendency of fat deposition when compared
to males due to metabolic and hormonal changes, as reported by Tumova and Teimouri (2010) and Silva (2012). In line
with this, de Souza Khatlab et al. (2018) stated that females show greater amounts of gene expression in the context of
fatty acids and lipid production than male.

Increased lung weight observed in broiler birds fed 1.5, 3 and 4.5% inclusion levels of CSK meal probably attributed to the
metabolic activity of the broilers. In their findings, Namakparvar et al. (2014) report, larger lungs improve the flow of
oxygen needed for metabolic functions. On the other hand, the small intestine weight of the current study is similar with
the works of Al-Marzooqi (2019) who reported increased small intestine weight in broiler chickens to achieve greater
body weight. The weight of small intestine in broilers is believed to link with more efficient feed digestion and a greater
surface area for nutrient absorption for enhancing overall nutrient uptake.

4.4. Production Efficiency and Profitability Analysis
The Performance and economic feasibility assessment through European Broiler Index (EBI) and Production Efficiency
Factor (PEF), was positively influenced by body weight change, feed conversion ratio (FCR), average daily gain (ADG), and
survival rate (Marcu et al. 2013). The maximum value of EBI and PEF were obtained at the 3, 1.5 and 0% inclusion levels
of CSK meal, respectively. These values of EBI and PEF obtained during the present study agreed with work of Tolmir et al.
(2014). On the other hand, current values are lower when compared to those obtained by Bhamare et al. (2016). These
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declines are probably linked to the factors like growth performance and management conditions. In general, the EBI and
PEF values in this study offer valid information about practices of broiler farm management.

According to the partial budgeting of the current study, broilers that received 4.5% CSK meal registered the minimum net
return of 67.25 ETB per bird compared to other inclusion levels. On the other hand, birds which fed on the 3% CSK meal
attained the highest net return of 113.41 ETB per bird. Moreover, the birds which fed on 3% CSK meal diet showed the
highest marginal rate of return relative to the unit cost of production. Therefore, the current study indicated that a ration
containing 3% CSK meal is more profitable than higher inclusion levels under the current study’s feeding management.

5. CONCLUSION
The results of this study indicated that inclusion of CSK meal up to 4.5% in Cobb 500 broiler diets had no adverse effects
on the health condition of the birds. Whereas the optimum inclusion of CSK meal was 3%, in which the highest feed
conversion ratio, body weight gain, carcass yields, highest net profit, and marginal rate of return were recorded. Therefore,
this study recommended including CSK meal at a 3% level in Cobb 500 broiler diets to obtain maximum growth, carcass
yields, and economic performance.
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