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Introduction 
 

Covid 19, which started to be seen in the city of 
Wuhan in Hubei province of the People's Republic of 
China in mid-December 2019, showing a series of 
symptoms and is thought to be caused by the virüs. It 
has been reported as cases spreading rapidly and 
strongly among people worldwide (Carrasco et al., 2021; 
Kriaucioniene et al., 2020).  

COVID-19 spread rapidly around the world, 
creating a global crisis, which was declared a pandemic 
by the World Health Organization (WHO) as of March 
2020 (Yüce and Muz, 2021). The COVID-19 pandemic, 
which has been affecting the world for nearly two years, 

has had a wide range of impacts both across countries 
and among individuals around the world. Assessing 
COVID-19 solely from a health perspective is 
insufficient, as the pandemic has evolved into a 
multifaceted crisis, profoundly affecting global 
unemployment and poverty, while also exerting a 
detrimental impact on the economy, leading to 
financial distress (Güler and Günaylı, 2021). While 
people spent their lives in quarantine due to COVID-19, 
the increase in the amount of ready-to-eat food 
consumption and high stress have negatively affected 
people's physical and mental health (Landaeta-Díaz et 
al., 2021). Türkiye became acquainted with the COVID-
19 pandemic on 11 March 2020, and on March 15, 
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Abstract 
 
This study aims to evaluate the amount of meat consumption during the COVID-19 
pandemic and its aftermath on a monthly and seasonal basis for the years 2019 and 2020 
in our country. The normality of the data distribution was analyzed using histogram 
graphs, Q-Q plots, and the Kolmogorov-Smirnov test. The significance of the difference 
between two independent groups in terms of carcass quantities was evaluated using the 
Mann-Whitney U test, while the significance of the difference between more than two 
groups was assessed using the Kruskal-Wallis test. Bonferroni tests were used for 
multiple group comparisons. Data are presented as Median (1st and 3rd Quartile). A 
significance level of P<0.05 was set. COVID-19 is a major pandemic that has spread 
worldwide and affected the lives of many people. From the beginning of the pandemic, 
many individuals and sectors have been impacted. Furthermore, it has been observed 
that the COVID-19 pandemic has not only affected the economy of people and countries 
but also significantly impacted many businesses operating in the food and health sectors. 
The COVID-19 pandemic has created a broad impact encompassing health, economy, 
psychology, socio-cultural, and political areas. In this process, it has become a critical 
necessity to develop short- and medium-term economic and technical solutions for 
problems in the agriculture and livestock sectors and to plan long-term agricultural and 
livestock policies. Additionally, to ensure the continuity of agricultural and livestock 
activities in Türkiye under challenging conditions such as pandemics, natural disasters, 
and wars, there is a need to review existing agricultural policies and create urgent action 
plans. 
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2020, the Minister of Health reported that an 89-year-
old patient travel from China died. This was the first 
reported case of death in Türkiye. The Minister of 
Health announced on April 1, 2020 that coronavirus 
cases have spread all over the country (Güreşci, 2020) 

Throughout human history, food has remained 
the fundamental necessity for sustaining life. As this 
fundamental truth persists today, the ongoing COVID-
19 pandemic crisis, spanning approximately four years, 
has starkly highlighted the paramount importance of 
food. (Arzik et al., 2022; FAO, 2009; Gul et al., 2023). 
Following the WHO's announcement on March 11, 
2020 that it declared the COVID-19 outbreak as a 
pandemic, and panic-induced fluctuations in the 
purchase of food and various essentials have been 
observed worldwide. These behavioral responses are 
believed to stem from perceptions and fears of scarcity 
and hunger (Sim et al., 2020). 

During the COVID-19 pandemic, the importance 
of protein as a nutrient has been highlighted, alongside 
micronutrients such as vitamins D and C, zinc, and 
selenium. (Karaağaç, 2020). Adequate and balanced 
nutrition is very important for optimal immunity as it 
supports a strong immune system as well as prevents 
infection (Iddir et al., 2020). Malnutrition and poor-
quality nutrition can lead to long-term adverse health 
effects (Tapan, 2021). A healthy diet is of great 
importance to be protected from infectious diseases 
and for the treatment of the disease to have a positive 
outcome (Çelikkaya, 2021). Furthermore, the 
importance of red meat has increased significantly 
during the pandemic due to its rich mineral and 
vitamin content, which not only supports a robust 
immune system against many diseases but also 
enhances overall health (Arzik et al., 2022; Özkorkut 
and Saka, 2022).  

The change in the economic balance during the 
COVID-19 pandemic, the disruption of the supply 
chains led to increase in diesel and feed prices and 
decrease in animal product consumption. Moreever, 
the closure of food service establishments 
(restaurants, etc.,) caused fluctuations in the demand 
for animal products and consumption habits 
(Demirhan and Şahin, 2022) reduction. Due to reduced 
tourism activity, closure of restaurants and communal 
kitchens, limited student mobility, and shutdown of 
dormitories and dining halls, the consumption of 
animal products in these sectors has significantly 
declined or even come to a halt. Consequently, 
businesses operating in the ready-to-eat food sector 
have experienced a notable decrease in revenues 
(Arzik et al., 2023; Yenişehirlioğlu, 2020). 

The objective of this study is to 
comprehensively assess the impact of the sudden 
onset pandemic on the livestock sector. This was 
accomplished through the analysis of data gathered 
from slaughterhouses and records of imported red 
meat, spanning the entirety of 2019 and 2020. More 

specifically, the study aimed to compare the overall 
consumption of red meat (encompassing cattle, sheep, 
goat, and buffalo) in Türkiye between the pre-
pandemic period (2019) and the pandemic period 
(2020). 

 
Material and Methods 
 

The study data were obtained from the Ministry 
of Agriculture and Forestry with official permission. A 
comparative analysis was conducted between the 
imported carcass and boneless meat data from the 
General Directorate of Food and Control of the 
Ministry of Agriculture and Forestry and the 
corresponding data released by TURKSTAT for 2019 
and 2020. The study compared the total amount of red 
meat (cattle, sheep, goat, and buffalo) consumed in 
Türkiye during the pre-pandemic period (2019) and the 
pandemic period (2020).  

The amount of red meat imported into the 
country was minimal and therefore not included in the 
analyses. Additionally, due to the unregistered 
slaughters during the Feast of Sacrifice, which affected 
both years, the exact quantity of red meat could not be 
estimated and was consequently excluded from our 
analyses. The data only encompasses the amount of 
red meat slaughtered under the Ministry of Agriculture 
and Forestry-approved slaughterhouses in Türkiye 
monthly for the 12 months of 2019 and 2020. 

 
Statistical Analysis 
 

The conformity of the data to normal 
distribution was evaluated by histogram graph, Q-Q 
plot and Kolmogorov-Smirmov test. The Mann 
Whitney U test was used to check the significance of 
the difference between two independent groups in 
terms of carcass quantities and the Kruskal Wallis test 
was used to check the significance of the difference 
between more than two groups in terms of carcass 
quantities. Bonferroni test was used for multiple group 
comparisons. Data are given as Median (1st Quarter - 
3rd Quarter). The significance level was determined as 
P<0.05. R 4.0.4 (www.cran.r-project.org) software was 
used to analyze the data. 

 
Results 
 

The comparison of the amount of red meat 
carcasses slaughtered by slaughterhouses in Türkiye in 
2019 and 2020 according to geographical regions is 
given in Table 1and Figure 1. In terms of 2019 and 2020 
red meat carcasses, it was determined that there was 
a significant difference between the Aegean and 
Central Anatolia regions (P=0.006, P<0.001, 
respectively). In addition, it was determined that there 
was a significant difference (P<0.001) between the 
2019 and 2020 in the total meat production of Türkiye 
(See Table 1 and Figure 1). 
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Table 1: Comparison of red meat carcass slaughtered by slaughterhouses in Türkiye in 2019 and 2020 by geographical 
regions (in thousand tons-carcass weight equivalent). 
 

Region 
2019 Median (1st Quartile - 3rd 
Quartile) 

2020 Median (1st Quartile - 3rd Quartile) P Value 

Mediterrenian 32,1 (10,4 – 99,9) 30,3 (9,8 – 79,1) 0.168 

Aegean 69,6 (16,9 – 163,7) 60,8 (12,5- 138,5) 0.006 

Eastern Anatolia 9,9 (2,9 – 36,6) 7,9 (2,5 – 30,4) 0.104 

Southeastern Anatolia 131,8 (30,3 – 307,8) 116,5 (29,4 – 321,6) 0.476 

Central Anatolia 59,2 (13,1 – 256,8) 35,9 (8,3 – 138,9) <0.001 

Black Sea 12,7 (5,1 – 35,1) 12,2 (4,8 – 30,9) 0.486 

Marmara 46,6 (13,4 – 125,4) 41,7 (10,9 – 141,2) 0.132 

Türkiye in general 30,6 (7,9 – 112,1) 25,3 (6,6 – 90,2) <0.001 

 

 

 

Figure 1. The amounts of red meat carcasses slaughtered by slaughterhouses in Türkiye in 2019 and 2020 across geographical 

regions (in thousand tons-carcass weight equivalent). 

 

 

 

 

 

 

 

 

 

 

 

 

The analysis indicates that the amount of red 
meat slaughtered in all regions was lower in 2020 
compared to 2019. Additionally, it was observed that 
the Black Sea region had a particularly low amount of 
red meat. 

Table 2 presents a monthly comparison of red 
meat slaughtered in Türkiye in 2019 and 2020. Significant 
decreases were observed in March, May, and November 
2020 compared to the same months in the previous year 
(P<0.01). Although the amount of red meat slaughtered 
in 2020 was consistently lower than in 2019 across other 
months, these differences were not statistically 
significant (P>0.05). 

The analyses show that while the slaughter 
amounts in Türkiye in 2019 and 2020 vary across some 
months, the pattern in 2019 is more homogeneous. In 
2019, the highest slaughter amount was recorded in May, 
approaching 45 tons. However, the greatest decrease 
between the corresponding months of both years 
occurred in May 2020. These decreases were followed by 
November and March 2020, respectively. When the 

average monthly red meat carcass amounts for 2019 
and 2020 were analyzed, the 2019 data was 
consistently higher than the 2020 data for all months 
except June (Figure 2). 

The comparison of the average amount of red 
meat carcass production in Türkiye in 2019 and 2020 
by season is given in Table 3. When we analyzed the 
differences in the amount of red meat by year and 
season, and also analyzed both years among 
themselves, the differences between some seasons 
were found to be significant (Table 3). In the 
analyses, it is seen that more slaughter was made in 
the spring and summer seasons of 2019 compared to 
the autumn and winter seasons significantly 
(P<0.05). Although there was no significant 
difference between the data of 2019 in summer and 
fall seasons, a significant decrease (P<0.05) occurred 
in the transition from summer to fall in 2020. 
Numerically, the slaughter amounts of all seasons in 
2020 were lower than 2019. However, this decrease 
was significant (P<0.01) only in spring and fall. 
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Table 2. Monthly comparison of average red meat carcasses slaughtered by slaughterhouses in Türkiye in 2019 and 
2020 (tons/month). 

Aylar 2019 2020 P Değeri 

January 28,5 (6,7-110,2)a 22,6 (60–84,8)a 0.107 
February 26,5 (6,2-95,7)a 23,9 (5,1–81,9)a 0.262 
March 30,6 (7,4–104,4)ab 22,9 (5,4–88,1)ad 0.037 
April 32 (9,5-114,6)ab 27,7 (7,3–91,1)ab 0.061 
May 44,9 (14,4–145,5)b 26,8 (7,9–94,5)ab <0.001  
June 29,8 (8,7-105,1)ab 29,3 (8,9–104,7)bc 0.894 
July 35,1 (10,2–126,8)ab 30,9 (9,6–106,6)b 0.180    
August 27,3 (7,6–99,9)a 22,2 (6-85,5)a 0.071 
September 27,8 (6,7–95,5)a 22,1 (5,9–78,7)ad 0.191 
October 26,8 (6,9-106,8)a 24,8 (6,2–86)ace 0.254 
November 29,9 (7,9–114,7)ab 21,8 (5,9–88,5)ad 0.029 
December 30,3 (6,5–129,5)ab 27,3 (6,8–111,7)bde 0.765 

P Value 0.001 0.014   
a, b, c, d, e: Different letters in the same column indicate the difference between groups. 

 

 

Figure 2. Distribution of Türkiye's average red meat carcass by month in 2019 and 2020 (tons/month). 

 

 

Table 3. Comparison of Türkiye's average red meat carcass between seasons in 2019 and 2020 (tons/month). 

Season 2019* 2020* P Value 

Spring 35,7 (9,9 – 124,1)a 25,7 (6,9 – 90,7)ab <0.001 

Summer 30,4 (8,7 – 110,5)ab 27,2 (8,1 - 100,2)b 0.063 

Autumn 28,3 (7,1 – 106,7)b 22,6 (6 - 83)a 0.008 

Winter 28,1 (6,5 – 110,3)b 24,8 (6,1 – 88,5)ab 0.078 

P Value 0.003 0.043   

a,b: Different letters in the same column indicate differences between groups. 
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Discussion and Conclusion 
 

In this study, the amount of meat consumption 
in Türkiye during and after the COVID-19 pandemic was 
compared by month and season. The COVID-19 
pandemic is a major pandemic that has spread all over 
the world and affected the lives of many people all over 
the world. Since the beginning of the pandemic, many 
people and sectors have been affected by this 
pandemic. At the beginning of the pandemic, people in 
different countries looted markets due to concerns 
about access to food and tried to eat healthy food to 
strengthen their immune systems (Erdem, 2020). The 
reason why COVID-19 has reduced the purchase of 
animal products is due to supply chain disruption and 
panic buying (Akkartal, 2022). In addition to the sudden 
shift in demand from foodservice to retail due to the 
global pandemic, the shutdown of slaughterhouses and 
processing plants has exacerbated the economic 
hardship for animal farmers and led to the slaughter of 
animals (e.g. chickens) that were bred for meat 
production. As a result, meat shortages are now a 
concrete reality. Meat processing capacities have fallen 
40% below 2019 levels during the Covid period 
(Luckstead et al., 2021; Walters et al., 2020). Beef 
processors surveyed in the United States and Brazil 
experienced a drop in production compared to January-
March 2020 (21% in April and 19% in May). The 
production level in June-August 2020 was reported to 
be close to the highest level observed before the 
processing plants were shut down.   

In Canada, 75% of beef processing plants were 
disrupted, especially due to the closure of meat plants 
(Hobbs, 2021). In Ghana, as the country is mainly 
dependent on livestock imports from the United States, 
Brazil and the European Union, COVID-19 brought supply 
problems and damaged the sector, with cattle, sheep and 
goat numbers falling by 57%, 61% and 64% respectively 
during the lockdown period (Obese et al., 2021). 

Revenue from meat sales has reportedly fallen 
since the start of the pandemic, largely due to restaurant 
closures. When dining out, dishes made from meat and 
meat products are often preferred to vegetarian meals, 
and this dining out option has temporarily stopped for 
many. This has resulted in carcasses from animals 
slaughtered in more expensive slaughterhouses not 
being sold and storage facilities remaining at peak 
capacity (Sky News, 2020). 

Except for June meat consumption in 2019 and 
2020, there is a decrease in all months of 2020 compared 
to 2019. According to the statement made by ETBİR 
(Association of Red Meat Industrialists and Producers), 
while the annual per capita red meat consumption was 
12 kilograms on average in 2019, this amount decreased 
to 7-8 kilograms in 2020. In the statement, it was 
emphasized that low-income people have the 
opportunity to eat red meat in their workplaces and that 
there has been a decline in consumption as they mostly 

work from home during the pandemic period. In 
addition, it was stated that the inability of places 
such as restaurants, hotels and school cafeterias to 
do business due to the pandemic was also effective 
in the decline and that 40 percent of the total 
consumption in the domestic market was realized by 
individuals and 30 percent by restaurants and 
tourism enterprises (Cumhuriyet, 2022). They expect 
that the COVID-19 pandemic will re-emerge previous 
behavioral patterns and accelerate the transition to 
low-meat diets that we are starting to see in some 
high-income countries (Attwood and Hajat, 2020). In 
our research, when we look at the year 2019, it is 
seen that significantly more slaughter was done in 
the spring and summer seasons than in the fall and 
winter seasons. Although there was no significant 
difference between the 2019 data in the summer and 
fall seasons, there was a significant decrease in the 
transition from summer to autumn in 2020. 
Numerically, the slaughter amounts of all seasons in 
2020 were lower than 2019. However, this decrease 
was significant (P<0.01) only in spring and fall. Due to 
uncertainty and drought in Türkiye, crises in the 
agriculture and livestock sector are predicted to 
continue in 2021.  The rapidly evolving nature of the 
COVID-19 virus has created many problems for the 
meat industry. Restrictions on animal exports, 
logistical constraints and the closure of 
slaughterhouses, restaurants and food services have 
negatively impacted all stages of the meat supply 
chain. Farmers could not find suitable markets to sell 
their livestock. Meat processing capacity was also 
reduced due to the closure of processing plants. 
Factory closures and panic buying have also 
jeopardized the availability of meat and its products 
to consumers, causing price fluctuations. In addition 
to its devastating effects on human health, the 
COVID-19 pandemic has had unprecedented impacts 
on animal production and animal health worldwide. 
Restrictions on mobility and national and 
international trade have disrupted animal markets 
and access to consumers. This has caused a major 
crisis for livestock producers and a major disruption 
to the global economy. It has also raised concerns 
about food insecurity and hunger in different parts of 
the world. These changes have made it vital to 
develop and implement innovative strategies to 
mitigate, control and overcome the global impacts of 
COVID-19 on animal production and animal health. 
In addition, animal producers, animal health 
professionals, human health professionals, animal-
related industries (such as meat, dairy and poultry), 
government agencies and non-governmental 
organizations need to coordinate and work together 
during this pandemic and ahead of any outbreak. 
Future pandemics that could affect global health. 
Therefore, in order to combat such serious situations 
in the future, some of the recommended measures 
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related to animals and animal production are included: 
Although the subsidies are paid on time, the 

excessive debts of the farmers create a negative 
situation in terms of income and expenditure balance. 
Farmers who received support payments had 
problems in repaying their existing loan debts with 
this amount and damaged the continuity of animal 
husbandry. In addition to short- and medium-term 
economic and technical solutions, it would be useful 
to plan a long-term agricultural and livestock policy 
and review Türkiye's current agricultural policies to 
ensure continuity in agriculture and livestock 
production, especially in cases of epidemics, natural 
disasters and war. Farmers' access to animal feed and 
additives and the access of animals and animal 
products to markets and consumers need to be 
facilitated. Alternative systems for the storage of extra 
animals and animal products should be provided to 
help farmers in this outbreak and possible future 
outbreaks, and modern animal husbandry 
technologies should be introduced to the agriculture 
and livestock sector in order to maximize the 
efficiency of our country's livestock sector and 
activities. In this context, modern technological animal 
husbandry methods will contribute to the agriculture 
and animal husbandry sector by supporting 
agricultural activities that include smart agricultural 
application systems that minimize the need for labor 
force, especially in cases of epidemics and natural 
disasters, and the creation of interactive networks 
that enable producers to deliver their products to 
consumers by expanding this system. In addition, the 
development of new generation agricultural 
techniques such as precision agriculture and digital 
livestock practices involving satellite technology, 
drones, robotic systems and sensors will prevent 
crises that may occur in the agriculture and livestock 
sector during the pandemic. 
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          Introduction 
 

In recent decades, the broiler industry has 
experienced remarkable progress compared to other 
livestock species, owing to extensive genetic selection 
and breeding programs aimed at achieving rapid 
growth rates, increased muscle yield, and enhanced 
nutritional content (Taverez and Solis, 2016). This surge 
in broiler production has been driven by consumer 
demand for leaner meat products with reduced fat and 
cholesterol levels, as well as the preference for 
products free from antibiotic residues (Mehdi et al., 

2018). Consequently, there has been a heightened focus 
on improving the quality of chicken meat (Mir et al., 
2017) and current global ban on the use of antibiotics in 
animal nutrition (Ma et al 2021). 

To meet these demands, there is a growing trend 
towards the use of natural alternatives such as medicinal 
plants and spices in poultry diets, as substitutes for 
conventional antibiotic feed supplements. Research by 
Adu et al. (2020) and Oloruntola et al. (2021) has 
demonstrated that supplementation of medicinal plants 
as feed additives in broiler diets could positively impact 
of the broiler performance and meat quality. These 

Carcass Characteristics, Meat Antioxidative State, and Gut 
Microbiota of Broilers Fed With a Mixture of Bitter Melon and 
Basil Leaves Powder 

Olugbenga David OLORUNTOLA1,* , Simeon Olugbenga AYODELE2 , Samuel 
Adebowale ADEYEYE3 , Deborah Adebukola OLORUNTOLA4  , Ojurereoluwa 
Adebimpe AYODELE1 , Olufemi Emmanuel ADENIJI1 , Fehintola Stellamaris 
OLADEBEYE1  
 

1 Animal Science Department. Adekunle Ajasin University. Akungba Akoko. Nigeria. 
2Agricultural Technology Department, the Federal Polytechnic, Ado Ekiti, Nigeria. 
3Animal Health and Production Department, Federal College of Agriculture, Akure, Nigeria. 
4Department of Medical Laboratory Science, University of Medical Sciences, Ondo City, Nigeria. 
 
 

Article History 
Received: 09.02.2024 
Accepted: 30.05.2024 
First Online: 02.07.2024 
 
 
 

Corresponding Author 
E-mail: olugbenga.oloruntola@aaua.edu.ng 

Tel: +2348035841626 
 
 

 
Keywords 
Basil leaves 
Bitter melon leaf 
Feed additives 
Oxidative stress 
Broiler 
 

Abstract 
 
The impact of a mixture of bitter melon leaf and basil leaf powder (BBLPB) on the 
carcass characteristics, meat antioxidant state, and gut microbiota of broilers was 
investigated. Three hundred one-day-old Cobb 500 broiler chicks were allocated 
to five diets: diet 1 (negative control), diet 2 (positive control; 0.1% blend of 
probiotic, prebiotic, and acidifier (BPPA) supplementation), diets 3 (0.25% BBLPB), 
4 (0.5% BBLPB), and 5 (0.75% BBLPB) randomly. The 0.25% BBLPB 
supplementation improved (P < 0.05) slaughtered weight, dressed weight, 
dressing %, and growth rate of broilers, while organ weights remained unchanged 
(P > 0.05). Slaughtered weight recorded in diets 2 and 3 was higher (P<0.05) than 
those in the rest diets. The dressing percentages in diets 2 (76.45%), 3 (75.6%), 
and 1 (73.96%) were statistically equivalent but higher (P<0.05) than diets 4 
(72.12%) and 5 (70.34%). Dietary supplementation with BBLPB significantly 
increased (P < 0.05) muscle glutathione peroxidase concentration while reducing 
meat lipid oxidation and cholesterol content in broilers compared to the control. 
Broilers fed BBLPB-supplemented diets exhibited higher (P < 0.05) levels of lactic 
acid-producing bacteria in the gut compared to the control group. The 0.25% 
BBLPB supplementation enhanced broilers carcass characteristics, meat quality, 
and gut health. 
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studies have highlighted the beneficial effects of 
phytochemicals and other bioactive compounds 
present in medicinal plants, including improved growth 
performance, enhanced nutrient digestion, promotion 
of muscle development, elevation of endogenous 
antioxidant levels, and reduction of cholesterol levels 
in broiler meat (Adu et al., 2020; Oloruntola et al., 
2021). 

Bitter melon (Momordica charantia) and basil 
(Ocimum gratissimum) plants are noteworthy among 
medicinal plants used as feed supplements in poultry 
nutrition. Bitter melon and basil, which belong to the 
Cucurbitaceae and Lamiaceae (Labiatae) families 
respectively, are widely cultivated in tropical and 
subtropical regions of the world, including Africa, Asia 
and Australia. Rich in essential nutrients such as crude 
protein, crude fiber, ash, crude fat, and nitrogen-free 
extract, bitter melon and basil possess significant 
nutritional value. Furthermore, their phytochemical 
composition analysis reveals high levels of bioactive 
substances like tannins, flavonoids, phenols, saponins, 
alkaloids, and phytate, underscoring their potential 
health benefits (Oloruntola et al., 2021). 

Studies have also demonstrated the antioxidant 
properties of bitter melon and basil, showcasing their 
ability to scavenge free radicals and inhibit lipid 
peroxidation in biological systems (Oloruntola et al., 
2021). Despite these attributes, scant information 
exists regarding the use of bitter melon and basil plants 
as feed supplements to enhance broiler carcass yield 
and meat quality. While various studies have 
investigated the effects of other medicinal plants such 
as oregano, rosemary, sage, thyme, moringa, and basil 
leaf meal on carcass and meat quality (Manessis et al., 
2020), there is a dearth of research on composite 
blends of different medicinal plants (Puvača et al., 
2020). In addition, recent study reveals that the 
multifaceted action of phytogenic supplements 
encompasses probiotic-like promotion of beneficial 
bacteria, prebiotic-like support for their growth, and 
acidifying effects that create a favorable gut 
environment, collectively contributing to improved gut 
health, meat quality and oxidative status in animals 
(Murugesan  et al., 2015; Pandey et al., 2023). 

Studies by Oloruntola et al. (2018, 2020) have 
highlighted the potential synergistic and additive 
effects of composite meal mixtures containing various 
medicinal plants, suggesting that such blends may 
confer greater benefits on animal performance 
compared to individual plant additives. Using a blend 
of phytogenic supplements offers enhanced benefits 
for broiler chickens due to synergistic effects that 
amplify antioxidant, antimicrobial, and anti-
inflammatory properties (Oso et al., 2019; Oloruntola 
et al., 2020). This combination provides a 
comprehensive nutritional profile, leading to improved 
nutrient absorption and balanced gut microbiota, 
which enhances digestion and reduces infection risks. 

The mix of phytochemicals more effectively boosts the 
immune system, offering better disease protection and 
improved meat quality and oxidative stutus through 
more efficient metabolic processes (Santhiravel et al., 
2022). Overall, the blend maximizes positive effects on 
health and product quality by leveraging the 
complementary benefits of each supplement (Oso et 
al., 2019; Oloruntola et al., 2020; Santhiravel et al., 
2022). The hypothesis of the study is that dietary 
supplementation of broilers with a mixture of bitter 
melon leaf powder and basil leaf powder will improve 
their carcass characteristics, internal organs, meat 
composition, and gut microbiota, thereby enhancing 
poultry nutrition and meat quality. Thus, this study aims 
to explore how blends of bitter melon leaf powder and 
basil leaf powder impact broiler chicken carcass 
characteristics, internal organs, meat quality and 
oxidative status, and gut microbiota, contributing 
valuable insights to poultry nutrition and meat quality 
enhancement. 
 

Materials and Method 

Ethical clearance, collection, processing, and chemical 
analysis of bitter melon and basil leaves 

 
The Research and Ethics Committee of the 

Agricultural Technology Department at The Federal 
Polytechnic, Ado Ekiti, Nigeria, approved the 
experimental protocols and animal handling 
procedures (Ethics Reference No: 
AAUA/FA/ANS/1/4766/2023). Freshly harvested bitter 
melon (Momordica charcantia) and basil (Ocimum 
gratissimum) leaves were thoroughly washed with 
clean water, drained, and air-dried on polyethylene 
sheets in the shade for fourteen days. Subsequently, 
bitter melon leaf powder (BILP) and basil leaf powder 
(BALP) were obtained from the dried leaves. The 
proximate composition, phytochemical profile, 
antioxidant capacity, and mineral content of BILP and 
BALP were analyzed in a preliminary investigation, with 
the findings documented (Oloruntola et al., 2021). The 
bitter melon leaf and basil leaf powder blend (BBLPB) 
were prepared by mixing equal proportions (1:1) of BILP 
and BALP. 

 
Blend of Probiotics, Prebiotics, and Acidifiers 

 
The commercial blend of probiotic, prebiotic, and 

acidifier (BPPA) was obtained from a reputable feed mill 
in Akure. It was sourced from Xvet, GMBH, located at 
22529 Hamburg, Germany. The composition of the 
BPPA includes: Lactobacillus acidophilus (5x4x109 CFU); 
Bacillus licheniformis + Bacillus subtillis (4x109 CFU); 
Enterococcus foecium (1x4x109 CFU); Saccharomyces 
cerevisiae (40.00%); Citric acid (2,000 mg); Formic acid 
(9,000 mg); Orthophosphoric acid (3,000 mg); 
Magnesium (5.00%); and Lactic acid (3,000 mg). 
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The experimental site, diets and experimental layout 
 

The feeding trial took place at the Teaching and 
Research Farm of the Federal Polytechnic in Ado Ekiti, 
Nigeria. A basal diet was formulated for both the starter 
phase (0 to 21 days) and the finisher phase (21 to 42 
days) to meet the nutritional requirements of broilers 
as recommended by the National Research Council 
(NRC, 1994). The basal diet was processed for 
proximate analysis following the guidelines of the 
Association of Official Analytical Chemists (AOAC, 
1995). 

The experimental diets (Diets 1 to 5) were prepared 
by dividing the basal diet into equal parts for each 
phase and then supplemented as follows: 

Diet 1: No supplementation (negative control) 
Diet 2: 1% supplementation with BPPA 
Diet 3: 0.25% supplementation with BBLPB 
Diet 4: 0.50% supplementation with BBLPB 
Diet 5: 0.75% supplementation with BBLPB 
Using a completely randomized design, 300 one-

day-old Cobb 500 broiler chicks (male and female) with 
an average weight of 42.06 ± 0.44 g were randomly 
allocated to the five experimental diets. Each diet was 
replicated six times, with 10 birds per replication. The 
broiler chicks were housed in experimental pens 

measuring 2m x 1m, with a 3cm thick layer of dried 
wood shavings serving as bedding material. 

The temperature within the experimental facility 
was maintained at 31 ± 2 degrees Celsius during the 
first week and gradually decreased by 2 degrees Celsius 
each subsequent week until it reached 26 ± 2 degrees 
Celsius. Lighting conditions followed a schedule of 24 
hours of light on the first day, followed by 23 hours of 
light on subsequent days. The feed and water were 
provided ad libitum. 

 
Viability and relative growth rate 

 
Viability and relative growth rate were assessed 

following the methods described by Adebayo et al. 
(2020). Viability percentage (V%) was determined 
using the formula: 

V % = [
Total number of live animals at the end

Total number of animals at the start
]

∗ 100 

The body weights of the broiler chicks were 
measured at the beginning and end of the feeding trial. 
Thereafter, the following formula was used to calculate 
the relative growth rate (RGR): 

Table 1. The experimental basal diets' composition. 

Ingredients Starter feed  Finisher diet  

  Maize  52.35 59.35 

  Rice bran 0.00 6.00 

  Maize bran 7.00 0.00 

  Soybean meal 30.00 24.00 

  Fish meal 3.00 3.00 

  Soy oil 3.00 3.00 

  Salt  0.30 0.30 

  Bone meal 3.00 3.00 

  Limestone  0.50 0.50 

  Lysine 0.25 0.25 

  Methionine  0.30 0.30 

  *Premix  0.30 0.30 

Analyzed composition (%)   

  Crude fibre 3.52 3.61 

  Fat 4.21 2.32 

  Crude protein 22.18 20.03 

Calculated composition (%)   

  Metabolizable energy (Kcal/kg) 3018.89 3108.10 

  Available phosphorus 0.46 0.41 

  Calcium   1.01 0.99 

  Methionine 0.68 0.66 

  Lysine  1.36 1.24 
*Premix: Vitamin A (10,000 iu) D (2,000,000 iu), E (35, 000 iu); K (1,900mg); B12 (19mg); Riboflavin (7,000mg). Nicotinic acid (45,000mg)’ Folic acid 
(1,400mg); Pyridoxine (3800mg); Thiamine (2,200mg); Pantothenic acid (11,000mg); Biotin (113mg) and trace element such as Cu (8,00omg), Mn 
(64,000mg); Zn(40,000mg), Fe(32,000mg), Se(160mg), I(800mg); and other items as Ca (400mg); Chlorine (475,000mg) Methionine (50, 000mg); BHT 

(5,000mg) and Spiramycin (5,000mg) in 2.5kg of premix. 
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RGR = [(𝑤2 − 𝑤1)/
(𝑤1+𝑤2)

2
] ∗ 100. 

W1= Body weight at the start of the experiment;  
W2= Bodyweight at the conclusion of the trial. 
 
Slaughtering techniques, blood sample collection, 
carcass analysis  

 
On day 42 of the experiment, three birds per 

replication were randomly selected, weighed, and 
euthanized by severing the two jugular veins 
(Oloruntola et al., 2018). Prior to euthanasia, the birds 
were deprived of feed overnight. Breast meat samples 
were aseptically collected from the slaughtered 
chickens, packed aerobically in oxygen-permeable 
bags, and stored frozen at -18°C for 20 days. 
Simultaneously, the caecal contents of the slaughtered 
birds were collected for microbiological examination. 
Dressing procedures were performed following 
slaughtering, and the dressed weight and dressing 
percentage were calculated relative to the slaughter 
weight. Evaluation of internal organs including liver, 
heart, lungs, spleen, gall bladder, proventriculus, 
gizzard, and pancreas followed the method described 
by Oloruntola et al., (2018). Breast meat samples were 
then analyzed for lipid oxidation, glutathione 
peroxidase, and cholesterol levels. The TBA reactive 
species technique was employed to assess meat lipid 
oxidation (Tokur et al., 2006), while the method 
described by Cichoski et al., (2012) and de Almeida 
(2006) was used to determine meat glutathione 
peroxidase and cholesterol concentrations 
respectively. Enumeration of aerobic bacteria, lactic 
acid-producing bacteria, and intestinal negative 
bacteria in the caecal contents was conducted. Serial 

dilution examination of bacterial populations followed 
protocols outlined by Dibaji and Simoes (2014) and 
Seidavi and Simoes (2015). 
 
Statistical analysis 

 
The model: Pxy = µ + αz + βzy, was employed in this 

study, where Pzy = any of the response factors; x = the 
average on the whole; αz = the zth treatment's effect 
(P= diets 1, 2, 3, 4 and 5); and βzy = random error as a 
result of the study. Using SPSS version 20, One-way 
ANOVA was used to analyse all of the data. The SPSS 
Duncan multiple range tests were used to find 
discrepancies between the treatment means (P<0.05). 

 

Results  
 

Figure 1 illustrates the viability percentage of broiler 
chickens fed BBLPB-supplemented diets. The dietary 
inclusion of BBLPB did not result in significant changes 
(P > 0.05) in the viability percentage of broiler chickens 
across the experimental treatments. Furthermore, 
Figure 2 presents the relative growth rate of broiler 
chickens fed diets supplemented with BBLPB. The 
growth rates of broiler chickens fed diets supplemented 
with 0.25% BBLPB, 0.25% Bacflora, control, and 0.50% 
BBLPB were statistically similar (P > 0.05), while the 
growth rate of those fed 0.75% BBLPB was notably 
lower (P > 0.05) than the control group. 

The impact of BBLPB on broiler chicken carcass and 
relative internal organ weights is presented in Table 2. 
Statistical analysis revealed a significant difference 
(P<0.05) in slaughtered weight, dressed weight and 
dressing percentage among treatments, while no 
significant (P>0.05) differences were observed in the 

Table 2. Effects of BBLPB supplementation on broiler chicken carcass and relative internal organ weights (% 
slaughtered weight). 

 
Parameters 

Diet 1 
Control 

Diet 2 
0.1% 
BPPA 

Diet 3 
0.25% 
BBLPB 

Diet 4 
0.50% BBLPB 

Diet 5 
0.75% BBLPB 

 
SEM 

 
P value 

Slaughter weigh (g/b) 2847.75b 3168.06a 2994.90a 2659.52bc 2523.07c 115.04 0.02 

Dressed weight 
(g/bird) 

2106.21b 2421.98a 2256.95a 1918.05bc 1774.73c 66.33 0.01 

Dressing percentage 
(%) 

73.96b 76.45a 75.36ab 72.12bc 70.34c 0.66 0.01 

Liver 2.15 1.84 2.19 2.02 2.03 0.05 0.25 

Heart  0.45 0.47 0.46 0.45 0.49 0.01 0.89 

Lung 0.71 0.12 0.17 0.14 0.11 0.03 0.49 

Spleen 0.11 0.12 0.17 0.14 0.11 0.01 0.21 

Gall bladder 0.23 0.12 0.16 0.08 0.15 0.01 0.20 

Proventriculus 0.40 0.47 0.50 0.49 0.50 0.02 0.32 

Gizzard  2.33 1.90 2.16 2.02 2.25 0.07 0.41 

Pancrease 0.23 0.32 0.30 0.28 0.29 0.01 0.38 
*Means within a row with different letters are significantly different (P<0.05); BPPA: Blend of probiotic, prebiotic and acidifier; BBLPB: Bitter melon and 
basil leave blend; SEM: Standard error of the mean.  
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lowest glutathione peroxidase content compared to 
those fed diets supplemented with 0.25% BBLPB (57.38 
mg/ml), 0.1% BPPA (60.12 mg/ml), 0.50% BBLPB (59.74 
mg/ml), and 0.75% BBLPB (60.27 mg/ml). 

The results of the broiler chicken's intestinal 
microbiology are detailed in Table 4. The microbial 
analysis indicated that the counts of aerobic bacteria 
and intestinal negative bacteria did not exhibit 
significant differences (P > 0.05) across the treatments. 
However, supplementation with BBLPB significantly (P < 
0.05) increased the population of lactic acid-producing 
bacteria in broiler chickens compared to the control 
group. The highest count of lactic acid-producing 
bacteria (log10 CFU/g) was observed in broiler chickens 
fed a diet containing 0.75% BBLPB, followed by those on 
diets 2 (7.67), 4 (7.32), 3 (7.13), and the lowest count 
was recorded in the control group (6.71) (P=0.02). 
 

Discussion  
 
Antibiotic feed supplements and additives have 

exerted adverse effects on broiler productivity, 
prompting the quest for viable alternatives (Mehdi et al., 
2018). Medicinal herbs have emerged as promising 
candidates in numerous studies (Adu et al., 2020; 
Oloruntola et al., 2021), owing to their potential to 
enhance animal growth, bolster health, and improve 

weights of the liver, heart, lung, spleen, gall bladder, 
proventriculus, gizzard, and pancreas. The slaughtered 
weight recorded for birds fed 0.1% BPPA and 0.25% 
BBLPB (diets 2 and 3) were higher than those in the 
diets 1, 4 and 5. Broiler chickens fed a diet containing 
0.25% BBLPB exhibited the highest dressed weight 
(2256.95g), which were statistically similar (P>0.05) to 
birds on diet 2 (2421.98g), while those on diets 5 (0.75% 
BBLPB) and 4 (0.50% BBLPB) had the lowest dressed 
weight. The dressing percentages of birds fed diets 2 
(76.45%), 3 (75.6%), and 1 (73.96%) were statistically 
equivalent but higher (P<0.05) than diets 4 (72.12%) 
and 5 (70.34%). 

The effects of BBLPB on lipid oxidation, glutathione 
peroxidase, and cholesterol content of broiler meat are 
presented in Table 3. Broilers fed a control diet (1.55 
mgMDA/g) exhibited significantly higher meat lipid 
oxidation than those fed diets supplemented with 
0.25% BBLPB (0.75 mgMDA/g), BPPA (0.83 
mgMDA/100g), 0.50% BBLPB (0.91 mgMDA/g), and 
0.75% BBLPB (0.90 mgMDA/g). Similarly, the meat 
cholesterol content of broilers given a control diet 
(123.71 mg/dl) was considerably (P<0.05) greater than 
that of broilers fed diets supplemented with 0.25% 
BBLPB (30.35 mg/dl), BPPA (60.10 mg/dl), 0.50% BBLPB 
(17.25 mg/dl), and 0.75% BBLPB (22.47 mg/dl). 
Conversely, broiler chickens fed the control diet had the 

 

Figure 1. The effect of BBLPB supplementation on the viability percentage of broiler chicken. BBLPB: Bitter lemon and basil leaves 
blend; Diet1: control; Diet 2: 0.1% BPPA supplementation; Diet 3: 0.25% BBLPB supplementation; Diet 4: 0.50% BBLPB 
supplementation; Diet 5: 0.75% BBLPB supplementation; P>0.05. 

 

 
 

Figure 2. The effect of BBLPB supplementation on the relative growth rate of broiler chicken. BBLPB: Bitter lemon and basil leaves 
blend; Diet1: control; Diet 2: 0.1% BPPA supplementation; Diet 3: 0.25% BBLPB supplementation; Diet 4: 0.50% BBLPB 
supplementation; Diet 5: 0.75% BBLPB supplementation; P<0.05. 
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meat quality, thus yielding nutritious muscle food. The 
observed increase in slaughtered weight and dressed 
weight of broiler chickens receiving feed supplemented 
with 0.25% BBLPB in this trial, relative to the control 
treatment, suggests that BBLPB at this concentration 
has the capacity to enhance muscle yield in broiler 
chickens. However, it is noteworthy that when BBLPB is 
administered at concentrations exceeding 0.25%, the 
slaughtered weight, dressed weight and dressing 
percentage of broiler chickens decline compared to the 
control treatment. The presence of significant 
phytochemical concentrations such as tannin, saponin, 
alkaloid, and phytate in BBLPB could be attributed to 
this decline (Oloruntola et al., 2021). Dietary intake of 
elevated levels of tannin, saponin, phytate, and alkaloid 
has been linked to the impairment of animal growth 
rate and nutrient absorption, thereby reducing carcass 
production (Sobayo et al., 2012; Sugiharto et al., 2019). 
In contrast, Adeyeye et al. (2020) observed that the 
nutritional inclusion of sunflower leaf meal and goat 
weed leaf meal blends had no significant impact on 
broiler chicken slaughter weight, dressed weight, or 
dressing percentage when compared to the control 
group. Similarly, Adegbenro et al. (2017) reported no 
significant difference in the dressed weight of broiler 
chickens fed diets supplemented with composite leaf 
meal. 

The similarity in the relative internal organ values of 
broiler chickens across treatments suggests that the 
inclusion of BBLPB may promote the growth of internal 
organs without adversely affecting their integrity 
(Ayodele et al., 2016). Adeyeye et al. (2020) similarly 
demonstrated no significant difference in the relative 
organ weight of broiler chickens fed a diet 

supplemented with a blend of wild sunflower and 
goat weed leaf meal. However, this finding contrasts 
with the results of Adegbenro et al. (2017), who 
reported a significant difference in the relative organ 
weight of broiler chickens fed a diet containing 
composite leaf meal. 

The ability of the inherent antioxidants, such as 
phenol, flavonoid, saponin, and phytate, present in 
the plants to scavenge free radicals and inhibit 
oxidation production in animals could account for the 
significant reduction in meat lipid oxidation observed 
in broiler chickens fed a BBLPB-inclusive diet. 
Previous studies have identified Momordica 
charantia and Ocimum gratissimum plant leaves as 
possessing high antioxidant scavenging abilities 
against free radicals and other reactive oxygen 
species that cause peroxidation in biological systems 
(Oloruntola et al., 2021). Lipid oxidation has been 
identified as the primary cause of meat quality 
deterioration during storage (Falowo et al., 2014), 
suggesting that BBLPB supplementation in the diet 
could serve as a preservative to extend the meat's 
shelf life. This finding is consistent with the results of 
Adu et al. (2020), who observed a reduction in lipid 
oxidation in the breast meat of broiler chickens fed a 
diet supplemented with Syzygium aromaticum leaf 
powder. Moreover, studies have demonstrated that 
adding phytogenics or phytochemicals to animal feed 
helps protect meat against lipid oxidation (Jiang et 
al., 2007; Simitzis et al., 2011; Valenzuela-Grijalva et 
al., 2017). 

Similarly, the significant decrease in cholesterol 
levels observed in broiler chickens supplemented 

Table 3. Effects of BBLPB supplementation on the broiler chickens meat analysis. 

 
Parameters 

Diet 1 
Control 

Diet 2 
0.1% BPPA 

Diet 3 
0.25% BBLPB 

Diet 4 
0.50% BBLPB 

Diet 5 
0.75% 
BBLPB 

 
SEM 

 
P value 

Lipid oxidation 
(mgMDA/g) 

1.55a 0.83bc 0.75c 0.91b 0.90b 0.08 0.00 

Glutathione 
peroxidase (mg/ml) 

31.07b 60.12a 57.38a 59.74a 60.27a 3.09 0.00 

Cholesterol (mg/dl) 123.71a 60.10b 30.35c 17.25c 22.47c 10.81 0.00 
*Means within a row with different letters are significantly different (P<0.05); BPPA: Blend of probiotic, prebiotic and acidifier; BBLPB: Bitter 

melon and basil leave blend; SEM Standard error of the mean.  
 

Table 4. Effects of the BBLPB supplementation on intestinal microbiology (log10 CFU/g) of broiler chickens. 

 
Parameters 

Diet 1 
Control 

Diet 2 
0.1% BPPA 

Diet 3 
0.25% BBLPB 

Diet 4 
0.50% BBLPB 

Diet 5 
0.75% 
BBLPB 

 
SEM 

 
P value 

Aerobic bacteria 6.46 5.70 6.31 6.62 5.84 0.15 0.23 
Lactic acid-producing 
bacteria 

6.71c 7.67ab 7.13bc 7.32abc 7.83a 0.13 0.02 

Intestinal negative 
bacteria 

6.32 6.39 6.47 6.56 6.44 0.06 0.87 

*Means within a row with different letters are significantly different (P<0.05); BPPA: Blend of probiotic, prebiotic and acidifier; BBLPB: Bitter 
melon and basil leave blend; SEM Standard error of the mean.  
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with BBLPB compared to the control suggests that these 
plants contain hypocholesterolemic compounds. 
Various studies have reported the potency of medicinal 
plants as hypocholesterolemic agents, reducing 
cholesterol levels in muscle food due to their inherent 
phytochemicals and high fiber content (Oloruntola et 
al., 2021). Phytochemicals found in medicinal plants 
have been shown to reduce cholesterol by inhibiting 
cholesterogenesis and fat storage in the carcass and 
other body areas, as well as decreasing fatty acid and 
triglyceride production (Santoso et al., 2000). 
Alternatively, they may form insoluble complexes 
bonded with cholesterol from food in the gut, 
preventing cholesterol reabsorption by the intestine 
(Ueda, 2001; Dong et al., 2007). This finding aligns with 
Adeyeye et al. (2020), who found that broiler chickens 
fed a diet inclusive of a blend of wild sunflower and goat 
weed leaf meal had significantly lower cholesterol levels 
than the control group. However, this result contrasts 
with the report of Adeyemi et al. (2021), who observed 
no discernible effect of mango leaf on broiler meat 
cholesterol levels. 

Furthermore, the higher glutathione peroxidase 
recorded in broiler chickens fed a BBLPB-inclusive diet 
reveals the ability of BBLPB to enhance the animal's 
endogenous antioxidant capacity when used as an 
additive at this level. Endogenous antioxidant enzymes 
play a crucial role in protecting cells from the harmful 
effects of free radicals and reactive oxygen species. 
Specifically, glutathione peroxidase is involved in 
oxidizing glutathione and catalyzing the degradation of 
various peroxides to protect cells against oxidative 
damage (Jomova et al., 2024). This could also explain 
why broiler chickens fed a BBLPB-enriched diet showed 
decreased lipid oxidation. Adu et al. (2020) previously 
reported reduced meat glutathione peroxidase levels in 
broiler chickens fed a diet enriched with Syzygium 
aromaticum leaf meal. 

It was observed in this study that supplementation 
with BBLPB significantly increased the production of 
lactic acid-producing bacteria (LAB) in the gut of broiler 
chickens compared to the control group. This indicates 
the ability of BBLPB to enhance the growth of LAB in the 
gut. The combined phytochemicals from both plants 
may modify the broilers' gut environment in favor of LAB 
proliferation by strengthening the gut barrier, 
preventing harmful bacteria from colonizing, reducing 
inflammation, and promoting a healthier microbial 
balance, thereby creating a favorable environment for 
beneficial bacteria like LAB (Kikusato, 2021; Santhiravel 
et al., 2022). LABs play a crucial role in broiler 
production due to their ability to inhibit the growth or 
adhesion of harmful microorganisms, improve nutrient 
acquisition, and stimulate the immune system to 
enhance feed intake and growth rate (Vieco-Saiz et al., 
2019). This result is consistent with the findings of 
Sjofjan et al. (2019), who reported higher levels of lactic 
acid-producing bacteria in broiler chickens fed diets 

containing bay leaf meal at various inclusion rates 
compared to the control. 

The observed similarities in viability percentages 
between broiler chickens fed BBLPB and the control diet 
indicate that the medicinal plant is not detrimental to 
the health and livability of the broiler chickens. 
Similarly, the similar relative growth rates observed at 
0.25% BBLPB and 0.50% BBLPB dietary inclusion rates in 
broiler chickens compared to the control suggest the 
potential of the plant to maintain or support normal 
growth performance when used as an additive at 
relatively high dietary levels in broiler production. The 
utilization of medicinal plants as feed additives at 
relatively low concentrations has been reported to 
enhance growth performance in broiler chickens 
(Adeyeye et al., 2020). 

 
Conclusion  
 

In conclusion, supplementation of broiler chicken 
diets with 0.25% bitter melon and basil leaves powder 
blend (BBLPB) had notable effects on carcass 
characteristics, meat antioxidative state, and gut 
microbiota. BBLPB inclusion at 0.25% positively 
influenced dressed weight and antioxidative 
parameters in meat, while also enhancing the 
population of beneficial lactic acid-producing bacteria in 
the intestine. However, excessive supplementation, 
particularly at 0.75% BBLPB, may have adverse effects 
on growth performance.   
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Introduction 
 
Securing food resources for small ruminants holds 

paramount importance for several compelling reasons. 
In many regions, particularly in developing countries 
where alternative protein sources are mostly limited, 
small ruminants like sheep and goats play a crucial role 
in providing essential protein for numerous people. 
Smallholder farmers, whose livelihoods and income are 
closely tied to these animals, heavily rely on sheep and 
goats (Selçuk et al., 2023). Thus, ensuring and 
contributing to food security for small ruminants 
becomes a pivotal factor in supporting the economic 
well-being of these farmers and their communities. 
Furthermore, the inexistent advantages of sheep and 
goats, requiring less feed, water, and labor compared to 

larger ruminants, make them adaptable to a diverse 
range of ecosystems (Joy et al., 2020). 

Türkiye with a population of 58 million sheep and 
goats (comprising 79.4% sheep and 20.6% goats), 
boasts diverse genotypes well-adapted to its varied 
geographic and climatic conditions (TUIK, 2023). 
Among these, the Akkaraman as fat-tailed sheep has 
the most ratio the small ruminant population in the 
country (Şirin et al., 2017; Unlusoy et al., 2016). It is 
well known that Akkaraman is an important breed and 
play a fundamental role the meeting the needs of 
people (Behrem & Gül, 2022; Gül et al., 2022; Mondal 
& Reddy, 2017). However, to enhance the meat 
production per individual, ensure a sustainable food 
supply, and address food security concerns (Yardımcı 
& Özbeyaz, 2001), it becomes imperative to focus on 
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Abstract 
 
This study focused on the Akkaraman sheep breed, specifically examining the pre-
weaning growth characteristics and Kleiber ratio, within the framework of 
Türkiye’s National Community-Based Small Ruminant Breeding Program. The 
research involved Akkaraman lambs born between 2017 and 2021 across 20 farms 
in the Ankara province. The dataset comprised 19,119 observations, covering key 
attributes such as birth weight, weaning weight, average daily weight gain, and the 
Kleiber ratio. Statistical analyses were conducted to identify outliers, assess 
normality, and develop linear models to explore the impact of environmental 
factors on the traits. Birth weight was significantly influenced by sex, birth type, 
birth season, birth year, and flock size. Weaning weight exhibited significant 
variations based on the same factors, emphasizing the importance of gender, birth 
type, birth season, birth year, and flock size. Average daily weight gain was notably 
affected by gender, birth type, birth season, birth year, flock size, and 
environmental factors, emphasizing their impact on growth. The Kleiber ratio 
demonstrated significant variations influenced by gender, birth type, birth season, 
birth year, and flock size. The results highlighted the intricate interplay between 
environmental factors and pre-weaning growth traits in the Akkaraman sheep 
breed. The study contributes valuable insights to enhance productivity and 
underscores the potential of the Akkaraman breed in Türkiye's overall agricultural 
development, considering its adaptability to arid climates and challenging pasture 
conditions. 
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Table 1. Descriptive statistics of the growth traits. 

BW: birth weight. WW: weaning weight. ADWG: average Daily weight gain. KR: Kleibe

Trait BW (kg) WW (kg) ADWG (g) KR 

Number of observations 19119 19119 19119 19119 

Mean 4.44 27.14 252.18 20.99 

Standard error 0.01 0.04 0.47 0.02 

Minimum 1.40 11.09 68.23 11.00 

Maximum 6.99 44.94 457.79 27.01 

Coefficient of Variation 19.51 21.71 25.61 10.11 

improving the Akkaraman sheep. (Ünal, 2002; Yalcin, 
1986). 

Sheep breeders practice in employing conventional 
production methods, and the persistently low predicted 
yield can be attributed primarily to deficiencies in 
record-keeping, suboptimal feeding practices, and 
inadequate herd health and management. 
Traditionally, breeders have based their selections on 
the morphological traits of lambs (Ceyhan et al., 2019). 
However, advancing sheep and goat breeding in the 
nation necessitates the adoption of suitable breeding 
strategies. The initial step in a systematic selection 
method involves characterizing and mitigating the 
effects of environmental factors, with genetic selection 
for cumulative gain following subsequently (Sönmez et 
al., 2009). In sheep selection applications, it is 
imperative to consider lamb birth weight, weaning 
weight, feed efficiency, and average daily gain as key 
productivity indicators. Another vital trait employed for 
assessing feed efficiency is the Kleiber ratio, a metric 
that has been utilized extensively in sheep selection 
practices (Eskandarinasab et al., 2010; Mahala et al., 
2020; Supakorn & Pralomkarn, 2012). 

Many studies conducted within the scope of the 
national small ruminant breeding program revealed the 
developmental characteristics of many indigenous 
sheep and goat breeds such as İvesi, Hair goat, 
Akkaraman, and Pırlak (Bağkesen & Koçak, 2018; Bıç̇er 
et al., 2019; Gül et al., 2019; Güngör et al., 2021; Kutlu 
et al., 2022). Since the beginning of the Akkaraman 
community-based sheep breeding initiative in 2011, it 
has had significant success in Ankara. It is carried out in 
conjunction with numerous research institutions, 
universities, associations, and breeders of sheep and 
goats as a key stakeholder of small ruminant breeding. 
Lambs' average daily gain, weaning weight, and birth 
weight are all regularly reported as part of the study. 
Therefore, the purpose of this study was to characterize 
the distributions of birth weight, weaning weight, and 
average daily gain in Akkaraman sheep raised in the 
province of Ankara, as well as to estimate the influence 
of various environmental factors on these traits. 

Materials and Methods 
 

Animals and Phenotype 

The research was conducted on Akkaraman lambs 
born in 2017 and 2021, encompassing 20 farms 
participating in Türkiye’s National Community-Based 
Small Ruminant Breeding Program within the Ankara 
region. Situated in the northwest of the Central 
Anatolian Region, Ankara province (39° 55' north 
latitude and 32° 50' east longitude). The climate in 
Ankara exhibits a steppe climate characterized by dry 
steppe conditions with hot, arid summers and cold, 
snowy winters. During the study, lambs typically stayed 
with their dams until the 90-day weaning stage. The 
ewes were nourished with roughage, including alfalfa, 
wheat straw, and vetch, supplemented with an average 
of 0.6 kg/day of concentrated feed, and housed in barns 
with a daily allowance of 1.5 kg per animal during the 
winter. In the spring and summer, they grazed on 
challenging pastures together with their lambs. Post-
weaning, males underwent fattening, while females 
continued to graze on pasture. 

A comprehensive dataset comprising approximately 
19,119 observations was utilized to analyze key 
attributes such as birth weight (BW), weaning weight 
(WW), average daily weight gain (ADWG), and the 
Kleiber ratio at weaning (KR). Additionally, routine 
records encompassed information on birth and weaning 
dates, sex, birth type (singlets/twins), and the season of 
birth (Winter/Spring). Birth weight and weaning weight 
data for each animal were meticulously assessed and 
interpolated to the 90th-day weight. The calculation of 
average daily weight gain (ADWG) involved linear 
statistical methods utilizing BW and WW. Furthermore, 
the Kleiber ratio at weaning (KR) was derived from the 
ADWG and WW using the formula (ADWG/ WW0.75). A 
detailed breakdown of the data structure and sample 
size is provided in Table 1, following the removal of 
outliers. 
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 Statistical Analyses 

The identification and examination of outliers, 
defined as values deviating more than three standard 
deviations from the mean, were carried out on the 
observations and removed. Shapiro-Wilk tests were 
employed to assess the normality of the responses. 
Furthermore, a plot depicting the residuals versus fitted 
values of the responses was generated to visually assess 
the homogeneity of variance. In the development of the 
final linear mixed models, the impact of environmental 
factors (including sex, birth type, birth season, herd size, 
and birth year) was initially explored. Basic packages 
such as "lme4," "lmerTest," and various other 
foundational tools within the R statistical environment 
were utilized for data management and all statistical 
analyses (R Core Team, 2020). 

Following the fitting of the ultimate models for the 
traits, linear mixed models were employed to quantify 
the influence of environmental factors. These mixed 
models generated the least square means for the 
respective factors. To account for random variability, 
herd, and maternal persistent environmental effects 
were incorporated into the models. Subsequently, 
distinctions between groups about the significant 
factors were scrutinized using Duncan's Test. The 
ensuing paragraphs provide detailed descriptions of the 
final linear mixed models for the individual traits: 

 
Y= µ + Xβ + Zα + ε 

Where Y are the variables that affect the values (BW, 
WW, ADWG, and KR); µ is the intercept; β is the fixed 
effects of sex, birth type (2 levels), birth season (2 
levels), birth year (5 levels), heard size (3 levels); α is the 
random herd and maternal persistent environmental 
effects and ε is the residual error of observations in the 
models. X and Z are the design matrix for fixed and 
random effects respectively. 

Results and Discussion 
 
Birth weight  
 
As observed in Table 2, when examining the impact of 
fixed factors on birth weight, it was found that, except 
for the season, the effects of other factors were 
significant. Analyzing the results obtained based on 
least-square means, the influence of sex on birth weight 
was noteworthy, with male lambs weighing 4.31±0.01 
kg, while female lambs weighing 4.09±0.01 kg (Table 2). 
Furthermore, a significant difference in birth weight 
between male and female groups was identified (P 
<0.001). Comparing these findings with a study 
conducted on Akkaraman breed lambs in Niğde 
province, the results align closely (Ceyhan et al., 2019).  
However, in contrast to this study, the birth weights of 
male and female lambs in Çankırı province Akkaraman 

lambs were higher (Behrem, 2021). This consistency in 
results across various studies reaffirms the tendency 
for males to have higher birth weights than females. It 
is reported that the higher birth weight in males 
compared to females can be attributed to the greater 
effectiveness of endocrine factors in promoting growth 
in males and the limiting impact of estrogen hormone 
on bone growth in females. (Assan, 2020). 

In the study, the birth weights of singleton and 
twin-born lambs were reported as 4.46±0.01 kg and 
3.94±0.02 kg, respectively, as indicated in Table 2. The 
difference in birth weight between singleton and twin-
born lambs was found to be significant (P < 0.001). 
Similar to this study, they have also determined that 
singleton lambs have a higher birth weight compared 
to twin-born lambs (Çolakoğlu & Özbeyaz, 1999; Ünal, 
2002). It has been reported that the variability in birth 
weight is attributed to the effects of pregnancy care 
and nutrition during the gestation period of ewes 
(Koyuncu & Duymaz, 2017). 

The least-square means for the birth season were 
determined to be 4.19±0.01 kg in winter and 4.21±0.02 
kg in spring-born lambs (Table 2). The difference in 
birth weights between lambs born in winter and spring 
was found to be insignificant. Studies on Angora goats 
(Güngör et al., 2021) and Ivesi sheep (Gül et al., 2020) 
have identified the influence of season and birth month 
on birth weight. This observation underscores the 
variability in the impact of season on birth weight 
across different regions and breeds. However, it is 
noteworthy that the feeding system during pregnancy 
plays a critical role in regulating fetal and placental 
development in sheep, potentially affecting both short- 
and long-term health outcomes (Behrem et al., 2022; 
Heasman et al., 1999). 

In the study, birth weights based on the birth 
year, namely 2017, 2018, 2019, 2020, and 2021, were 
observed to be 4.14±0.01, 4.06±0.02, 4.15±0.02, 
4.31±0.02, and 4.34±0.02 kg, respectively, as depicted 
in Table 2. The highest birth weight was observed in 
2021, while the lowest birth weight was recorded in 
2018. When evaluating the groups by years, the 
difference in birth weights among lambs born in 
different years was found to be significant (P <0.001). 
Similar to this study, previous research has reported 
variations in birth weights across years (Ceyhan et al., 
2019; Ünal, 2002). Factors influencing birth weight 
across years can be attributed to care, feeding, and 
flock management. 

According to the results obtained in the study, as 
shown in Table 2, birth weights in farms categorized by 
flock size as 0-150, 150-300, and 300 or more heads 
were 4.04±0.02 kg, 4.06±0.01 kg, and 4.50±0.01 kg, 
respectively. Farms with 300 or more heads exhibited 
the highest birth weights, while those with 0-150 heads 
had the smallesweights. The impact of flock size on 
birth weight was found to be significant in our study (P 
<0.001). When considering the influence of flock size, 
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Table 2. The least mean squares (LSM) of the traits. 

 
Notes: The mean values which have different superscripts are significantly different. ***P < 0.001. **P < 0.01. *P < 0.05. SE = standard error; n = number of observations.

 BW (kg) WW (kg) ADWG (g) KR 

Fixed Effects n LSM ± SE P-value n LSM ± SE P-value n LSM ± SE P-value n LSM ± SE P-value 

Sex   ***   ***   ***   *** 

   Male  9574 4.31±0.01a  9574 28.52±0.07a  9574 268.97±0.81a  9574 21.57±0.03a  

   Female 9545 4.09±0.01b  9545 26.51±0.07b  9545 249.08±0.81b  9545 21.04±0.03b  

Birth type   ***   ***   ***   *** 

   Single 15759 4.46±0.01a  15759 28.23±0.05a  15759 264.14±0.59a  15759 21.32±0.02a  

   Twin 3360 3.94±0.02b  3360 26.79±0.10b  3360 253.91±1.11b  3360 21.29±0.04b  

Season   NS   ***   ***   *** 

   Winter 15703 4.19±0.01  15703 25.24±0.06a  15703 233.83±0.66b  15703 20.58±0.02b  

   Spring 3416 4.21±0.02  3416 29.79±0.10b  3416 284.23±1.08c  3416 22.03±0.04c  

Birth year            *** 

   2017 4446 4.14±0.01b  4446 26.56±0.09b  4446 249.03±1.04b  4446 21.03±0.04b  

   2018 4178 4.06±0.02a *** 4178 30.61±0.10d *** 4178 294.95±1.08d *** 4178 22.43±0.04d  

   2019 3929 4.15±0.02b  3929 27.46±0.10c  3929 259.09±1.09c  3929 21.41±0.04c  

   2020 3197 4.31±0.02c  3197 26.89±0.10b  3197 250.92±1.12b  3197 21.02±0.04b  

   2021 3369 4.34±0.02d  3369 26.04±0.10a  3369 241.14±1.14a  3369 20.63±0.04a  

Herd Sıze   ***   ***   ***   *** 

   0-150 2578 4.04±0.02b  2578 25.93±0.11a  2578 243.23±1.23a  2578 20.92±0.04a  

   150-300 6446 4.06±0.01a  6446 27.96±0.08b  6446 265.48±0.90b  6446 21.58±0.03c  

   >300 10095 4.50±0.01c  10095 28.65±0.07c  10095 268.37±0.79c  10095 21.41±0.03b  

Intercept 19119 4.27±0.03  19119 27.72±0.17  19119 260.63±1.82  19119 21.19±0.06  
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 it can be presumed that larger enterprises provide better 
conditions for the pregnancy, care, and feeding of sheep. 

 
Weaning weight 

When examining the results of weaning weight, it is 
observed that the impact of all fixed factors is significant. 
Detailed results based on the least square means are 
presented in Table 2. Upon scrutinizing the results of 
weaning weight obtained through least-square means, 
our study identified that male lambs had a weaning 
weight of 28.52±0.07 kg, while females had a weaning 
weight of 26.51±0.07 kg. The influence of gender on 
weaning weight was found to be significant for both male 
and female lambs (P<0.001). Studies conducted on 
Akkaraman and different genotypes show a similar trend, 
indicating that males tend to have higher weaning 
weights compared to females, with our findings showing 
weaning weights at 90 days surpassing results obtained 
by other researchers (Behrem, 2021; Ceyhan et al., 2019; 
Tüney Bebek & Keskin, 2021). The variability in weaning 
weights based on gender suggests that breeders may 
place greater emphasis on feeding male lambs, 
anticipating a significant portion of them going for 
slaughter. 

When examining the results, it was determined that 
the weaning weights of singleton and twin-born lambs 
were 28.23±0.05 kg and 26.79±0.10 kg, respectively. The 
birth type significantly influences weaning weight 
(P<0.001). It is possible to attribute the better 
development of singleton animals in weaning weight to 
factors such as inadequate milking due to insufficient 
maternal milk for twins and the lack of necessary care by 
the breeder in raising twin-born lambs (Koyuncu & 
Duymaz, 2017). Numerous studies (Aksoy et al., 2023a; 
Çolakoğlu & Özbeyaz, 1999; Noyan & Ceyhan, 2021) have 
consistently reported that singleton lambs have higher 
weaning weights than twin-born lambs. 

In our study, least square means were calculated for 
weaning weights based on the fixed factor of season, 
reporting weights of 25.24±0.06 kg in Winter and 
29.79±0.10 kg in Spring, as presented in Table 2. The 
difference between groups based on the birth season was 
found to be significant (P <0.001). It is observed that 
lambs born in Spring have higher weaning weights 
compared to those born in Winter. A study on Ivesi sheep 
reported changes in weaning weight based on birth 
months (Gül et al., 2020). The variability in weaning 
weight is evident in our study and other research, 
suggesting its dependence on birth month, region, care, 
feeding, and genotype. Another influential factor, the 
birth year, was found to have a significant impact on 
weaning weight (P <0.001). The results by birth year were 
calculated as 26.56±0.09 kg in 2017, 30.61±0.10 kg in 
2018, 27.46±0.10 kg in 2019, 26.89±0.10 kg in 2020, and 
26.04±0.10 kg in 2021, according to least square means. 
The highest weaning weight was observed in 2018, while 
the lowest weaning weight occurred in 2021. Similar 
effects of years on growth have been noted in other 
studies (Aksoy et al., 2023b; Tüfekci, 2023). The COVID-19 

pandemic disrupted global food and feed supply 
chains, leading to shortages and bottlenecks that 
subsequently drove up prices. Disruptions also 
resulted in decreased demand for some animal 
products such as wool and meat, impacting livestock 
and grazing industries, and making it difficult for sheep 
farmers to feed their flocks. The high increase in feed 
prices during the COVID-19 pandemic and afterward 
could be considered a fundamental reason for 
breeders not providing additional supplementary feed 
to ewes, leading to this situation in 2020 and 2021. 

In our study, weaning weights were determined 
as 25.93±0.11 kg in 0-150, 27.96±0.08 kg in 150-300, 
and 28.65±0.07 kg in 300 or more head farms, based 
on flock size. The farms with 300 or more heads had 
the highest weaning weights, while those with 0-150 
heads had the smallest, as presented in Table 2. The 
impact of flock size on weaning weight was found to be 
significant (P <0.001). It is observed in the study that 
larger farms show more careful management, care, 
and feeding, positively reflecting on weaning weight 
compared to medium and small farms.  

Average daily weight gain 

As seen in Table 2 based on least-square means, 
our study determined that males have a significantly 
higher average daily weight gain (ADWG) than females, 
and the difference between males and females is 
significant (P <0.001). When evaluated by birth type, 
we found a significant difference between singleton 
and twin groups (P <0.001), with singleton lambs 
exhibiting a higher ADWG than twin lambs in our study. 
Regarding the birth season, the highest ADWG was 
observed in lambs born in the Spring. The influence of 
the birth season on ADWG is statistically significant (P 
<0.001). Examining the ADWG increase over the years, 
the highest ADWG was observed in 2018, while the 
lowest ADWG was seen in 2021. Additionally, the 
impact of years on ADWG is significant (P <0.001). 
Analyzing ADWG based on flock size, the highest 
ADWG is observed in farms with 300 or more heads, 
similar to the pattern observed in weaning weight. The 
environmental factors play a crucial role in the ADWG 
increase, and their impact is significant (P <0.001). 

Kleiber ratio 

In our study, when determining the Kleiber ratio, 
we found that the ratio is 21.57±0.03 in male lambs 
and 21.04±0.03 in female lambs, with a significant 
difference between the two groups (P <0.001). The 
influence of sex is significant, consistent with results 
obtained in other studies (Mahala et al., 2020; Sofla et 
al., 2011). According to birth type, the Kleiber ratio for 
singleton and twin lambs is 21.32±0.02 and 
21.29±0.04, respectively, as shown in Table 2. 
However, our results for singleton and twin lambs 
differ from those reported by Behrem (2021), with our 
study showing a lower Kleiber ratio. The slight but 
significant difference between singleton and twin 
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lambs is consistent with results from other studies (P 
<0.001) (Sofla et al., 2011). 

Analyzing the results according to the birth 
season, the highest Kleiber ratio is observed in lambs 
born in the Spring, with a ratio of 22.03±0.04, while in 
lambs born in the Winter, it is 20.58±0.02 (Table 2). 
The difference in the Kleiber ratio between groups 
born in Winter and Spring is significant (P <0.001), 
indicating a seasonal effect on the Kleiber ratio, similar 
to findings in other studies (Sofla et al., 2011). 
Examining the Kleiber ratio based on birth years, the 
values for 2017, 2018, 2019, 2020, and 2021 are 
21.03±0.04, 22.43±0.04, 21.41±0.04, 21.02±0.04, and 
20.63±0.04, respectively. The highest Kleiber ratio was 
observed in 2018, consistent with GCAA and SKA 
results. The impact of birth years on the Kleiber ratio is 
significant (P <0.001), similar to findings in another 
study (Behrem, 2021). Regarding flock size, the highest 
Kleiber ratio is observed in enterprises with 150-300 
heads, and the difference between groups based on 
flock size is significant (P <0.001). 

The Kleiber ratio holds significant importance in 
sheep breeding as it functions both as an indirect 
selection criterion for feed conversion and an 
insightful indicator of growth efficiency. Breeding for 
an improved Kleiber ratio or growth rate in sheep has 
the potential to enhance the genetic composition of 
the breed. Health care and feeding practices are also 
closely tied to the Kleiber ratio, adding another layer 
of importance to its consideration in sheep breeding. 
Studies suggest that the Kleiber ratio in sheep is 
influenced by both genetic and non-genetic factors, 
underscoring the need to incorporate it into selection 
and management strategies to achieve desired growth 
rates. However, some research indicates that the 
variation in growth rate and the Kleiber ratio in certain 
sheep breeds may not be primarily linked to genetic 
factors. In a broader context, the Kleiber ratio plays a 
pivotal role in evaluating overall growth, as 
emphasized in studies by Eskandarinasab et al. (2010) 
and Mahala et al. (2020). 

 

Conclusions 
 

The observed influence of environmental factors 
on pre-weaning growth traits and the Kleiber ratio 
underscores their significant impact on the economic 
traits of the Akkaraman sheep breed. Enhancing these 
environmental factors holds the potential to positively 
influence productivity in terms of these traits. The 
study's outcomes emphasize the importance of not 
overlooking environmental factors when incorporating 
the Akkaraman breed into selection programs. The 
insights gained from this research offer valuable 
information for enhancing productivity and ensuring 
sustainability in the context of growth characteristics 
specific to the Akkaraman breed. Given its resilience to 

arid climates and challenging pasture conditions, 
coupled with its status as the most widely bred 
indigenous breed in Türkiye, increased recognition and 
further exploration of its genetic attributes, particularly 
in terms of growth and adaptation characteristics, are 
poised to make substantial contributions to Türkiye's 
overall development. 
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Introduction 

Agriculture plays a very important role in preventing 
poverty, ending hunger, ensuring food security, and 
making the whole world a happy and liveable place. At 
the same time, it is all the positive events that we can 
count on behalf of agriculture, science, engineering, 
health, technology, social life, culture, environment, 
and humanity. Agricultural production has created a 
wonderful product variety because of centuries-old 
traditions, the accumulation of experience in this field 
and the synthesis of the richness of the geography with 
the climate in Türkiye. Hosting different cultures in 
agricultural production, Türkiye has always made a 
name for itself among the countries of the world with 
its existing plant and animal genetic resources. In this 
geography, goat breeding has always kept its 
importance and raised as a hobby as well as a source of 
livelihood.  For breeding, several studies have been 
conducted and are still being conducted (Gül et al., 
2016; Keskin et al., 2016, 2017; Özdemir & Keskin, 
2018; Kurtay, 2019; Gül et al., 2022; Behrem et al., 
2022; Gül et al., 2023). These studies span certain time 
frames, and most of them are brief. However, animal 

improvement is a long-term process, and it must be 
ongoing.  

Reproductive characteristics and milk yields are 
always considered to be the most important factor in 
increasing productivity in some environmental 
conditions. The level of yield performance in farm 
animals depends on genetic and environmental factors. 
At the beginning of environmental factors are birth 
type, maternal age, herd management, year, season, 
and sex. Success in selection and breeding will rise with 
the identification of these parameters and the 
elimination of their negative impacts. 

Growth characteristics such as birth weight, 

weaning weight and average daily weight gain are the 

most important indicator phenotypes for sustainable 

and economical production in goat breeding and for the 

farmer to make a more accurate selection decision. In 

addition, a major part of the income in goat breeding 

comes from selected animals. For this reason, the 

selection of animals with high daily weight gain and 

better feed conversion efficiency should be the main 

components of a successful goat enterprise. Measuring 
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the feed efficiency of animals in extensive farming is 

very difficult and impractical. For this purpose, different 

selection strategies have been developed according to 

the growth characteristics and feed conversion rates of 

animals (Ghafouri-Kesbi, 2011; Illa et al., 2018; Gül et 

al., 2023).  

Kleiber ratio (KR) is a developed and widely used 
metric to calculate the feed conversion of animals and 
is calculated by dividing the average daily gain weight 
by the metabolic weight (ADG/WW0.75) and the growth 
rate divided by the body weight (Kleiber, 1947). The 
Kleiber ratio, which is an indicator of feed conversion 
efficiency, can be used in the selection program to 
increase the biological efficiency of the herd. 

The Kilis goat breed has been a very good 
adaptation to harsh environmental conditions and is 
widely raised in almost every region of Türkiye. Kilis 
goat breed is known for high reproductive 
characteristics and milk yield and is mostly raised in 
Gaziantep, Kilis, Şanlıurfa and Hatay provinces located 
on the fertile crescent of Türkiye (Keskin et al., 2004; 
Gül, 2008; Gül et al.,2022; Keskin et al., 2022).   

A breeding program was started in 2011 by the 

General Directorate of Agricultural Research and 

Policies to improve milk and reproductive traits in Kilis 

goats under breeder conditions. In this context, some 

yield characteristics are investigated in goats.  

In this study, within the scope of the breeding 

project carried out in Gaziantep between 2018-2022, 

the effects of different environmental factors on the 

reproductive and milk yield of Kilis goats and the 

developmental characteristics of kids were 

investigated, and the results were presented. 

Among these environmental factors, seasonal 

differences between years affect the productivity of the 

whole flock, while birth type, maternal age, sex, and 

birth weight affect individual performance. Therefore, 

estimating the magnitude of all such parameters is 

critical to developing efficient and successful breeding 

plans. 

In this study, the impact of various environmental 
conditions on the reproductive and milk yield of Kilis 
goats as well as the developmental traits of kids were 
examined, and the results were reported as part of the 
breeding project conducted in 2018-2022. 

 

Materials and Methods 

Animal Material and Management 

Gaziantep is located at the junction of the 
Mediterranean Region and South-eastern Anatolia 

Region and between 36° 28' and 38° 01' east longitudes 
and 36° 38' and 37° 32' north latitudes. The climate is 
transitional between Mediterranean and Continental 
climates, and the Mediterranean climate 
predominates. Summers are hot and dry. Winters are 
very cold and rainy. The average precipitation is 550 
millimetres. The temperature ranges between -17°C 
and 48.8°C. The data used in this study were obtained 
from goats (50 flocks) included in the improvement of 
Kilis goats under breeder conditions project within the 
scope of the National Public Small Ruminant 
Improvement Project in Gaziantep province. The 
animal material of the project consists of 6000 heads of 
females and 300 heads of male goats each year. The 
data of 30.000 goats and their offspring were analysed 
in this study. In the research region, there are a total of 
55 different herds. The herds have a minimum size of 
100 animals and a maximum of 250. 

Mating in goats was carried out between August 
and September as free mating. The bucks were 
separated from the flocks at least 45 days before the 
mating. The number of goats mated per buck in a 
mating season varied from 20 to 25. Goats were 
exposed to bucks from the beginning of August to the 
end of September. 

Animals were kept under extensive conditions. The 
goats are grazing in forest and open areas from early 
morning until late evening according to the seasonal 
conditions. Water needs were met from natural water 
resources in the pasture. Although the pasture areas 
differ in terms of the amount and quality of grass, they 
consist of pine forests, oak forests, maquis and annual 
grasses. During the heavy winter days and when the 
pasture is weak, 500-750 g of barley, bran, cotton seed 
grain and wheat straw were given as a feed mix per 
animal. Kids were suckled in the morning and evening 
and kept in the barn for up to one month of age. All 
offspring were fed with tree branches (leafy olive and 
oak branches), barley, wheat straw and kid-growing 
from 2 weeks of age and weaned at 60 days.  

Data Collection 

The kids were ear-tagged shortly after birth, and the 
mother's ear tag number, birth weight, birth date and 
gender were all noted. Weaning weights were recorded 
on the 60th day to reveal the growth performance of the 
kids. Milk yield controls were started in goats that gave 
birth from the 15th day and continued until they were 
dry. Milking was done by hand by the breeder, and daily 
milk yield was determined at 28 days intervals 
according to the ICAR-AT method. The Fleischman 
method was used to determine lactation milk yield 
using the daily milk yield data (Gül, 2008). In this study, 
the data regarding the fertility parameters were 
calculated according to Keskin et al. (2017) as follows; 

Pregnancy rate: (number of does give birth/number of 

does for mating) * 100 
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Infertility rate: (number of does not give birth/number 

of does for mating) * 100 

Birth rate: (number of does give birth/number of does 

for mating) * 100 

Single kidding rate: (number of does with single 

kid/number of does giving birth) * 100 

Twinning rate: (number of does with twin kids/number 

of does giving birth) * 100 

Triplet rate: (number of does with triplet kids/number 

of does giving birth) * 100 

Litter size: (number of kids born/number of does giving 

birth) * 100 

Kid yield: (number of kids born/number of does for 

mating) * 100 

Statistical analyses 

Statistical analysis on growth characteristics and 
lactation milk yield The data obtained from the project 
were evaluated with the SPSS statistical program in 
terms of basic statistical analysis (SPSS, 2012). For this 
purpose, Duncan's multiple comparison tests were 
used to compare birth and weaning weights. The 
mathematical model of Statistical analysis on growth 
characteristics and lactation milk yield is given in the 
following equation (Equation 1 and 2).  

 

𝑌𝑖𝑗𝑘𝑙𝑚 = 𝜇 + 𝛼𝑖 + 𝛽𝑗 + 𝑝𝑘 + 𝛿𝑙 + 𝑒𝑖𝑗𝑘𝑙𝑚  

     (Eq. 1)  

In this model, 

Yijklm, an individual observation, 

μ, the overall mean 

αi, the fixed effect of sex (male, female), 

βj, the fixed effect of birth type (single, twin, triplet), 

pk, the fixed effect of the birth year (2018, 2019, 2020, 

2021, 2022) 

δl, the fixed effect of maternal age (1, 2, 3, 4, 5≥), 

eijklm, the random error. 

      

        (Eq. 2) 

Yij=μ+αi+βj+eij 

In this model, 

Yij, an individual observation, 

μ, the overall mean 

αi, the fixed effect of maternal age (2, 3, 4, 5≥), 

βj, the fixed effect of the birth year (2018, 2019, 2020, 

2021, 2022) 

 

Results  

All births were completed in February and March in 
approximately 45 days. The fertility characteristics of 
Kilis goats obtained between 2018-2022 are given in 
Table 1. The project requires that each herd must have 
6000 head of goats available for mating.  

The number of goats giving birth varied according to 
the years and birth was observed in all the goats in the 
last year of the study. Accordingly, the rate of multiple 
births in herds has also increased. Selection is made in 
herds every year, considering the birth weight, weaning 
weight and milk yield of the mothers. Multiple birth 
rates in herds may have increased due to selection.  

The growth characteristics of kids calculated by the 
years are given in Table 2. As can be seen from this 
table, the birth weights of kids differed over the years, 
and these differences were found to be statistically 
significant (P<0.01). 

An increase is observed in the birth weight of kids 
when they reach the last year of the study. It can be said 
that this increase in birth weight is because of the 
selection made every year in the herd and the 
improvement in care and feeding. In this table (Table 
2), a different situation was displayed in terms of 
weaning weights in kids from birth weights. While this 
feature was fluctuating (P<0.01) until the beginning of 
2022 in the project, there was a decrease in the last 
year. Especially in our country and the region, the 
severe seasonal conditions (winter) made it difficult for 
the goats to go out to the pasture and prevented the 
growth of annual grasses grown in the pasture in spring. 
Adverse weather conditions and deficiencies in 
supplementary feeding also affected milk yield, so the 
development of kids slowed down. This negativity 
experienced in the last year of the study also negatively 
affected the average daily earnings due to weaning, and 
the values obtained by years were found to be 
statistically significant (P<0.01). 

Table 3 shows the growth characteristics of kids 
according to maternal age, sex, and birth type.  

Even though the kid’s birth weights are very similar, 
the age of the mother has an impact on the birth 
weights. (P<0.01). In this group, the lowest weight was 
determined in aged 4 (3.53 ± 0.01 kg) years and the 
highest in aged 5 and over (3.59 ± 0.01 kg) (P<0.01). The 
effect of maternal age was also seen on weaning 
weights and average daily gains, and both traits were 
found to be statistically significant (P<0.01). The highest 
weaning weight and ADG were observed in 2-year-old 
mothers (15.28 ± 0.02 kg and 195.57 ± 0.40 g). 

It was determined that sex affected the birth 
weights of kids (P<0.01). Although this difference 
between males and females was expected, it was very 
low (3.60 ± 0.01 kg vs 3.52 ± 0.01 kg). The weaning  
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Table 1. Fertility characteristics by the years 

Characteristics/Year 2018 2019 2020 2021 2022 

Number of does for mating 6000 6000 6000 6000 6000 

Number of does giving birth 5968 5980 5963 5951 6000 

Number of born kids 7333 7314 7626 7458 7644 

Number of weaned kids 7102 6696 7241 6914 7096 

Number of single-born kids 4630 4644 4262 4438 4334 

Number of twin-born kids 1338 1336 1635 1504 1639 

Number of triplet-born kids --- --- 66 9 27 

The fertility rate suitable for mating goats (%) 122.2 121.9 127.1 124.3 127.4 

The fertility rate for giving birth (%) 122.9 122.3 127.9 125.3 127.4 

Single kidding rate (%) 77.58 77.66 71.48 74.58 72.23 

Twin kidding rate (%) 22.42 22.34 27.42 25.27 27.32 

Triplet kidding rate (%) --- --- 1.10 0.15 0.45 

Survival rate at weaning (60. days) 0.97 0.92 0.95 0.93 0.93 

Kidding rate per does (%) 1.22 1.22 1.27 1.24 1.27 

Kidding rate per birth (%) 1.23 1.22 1.28 1.25 1.27 

 
 
 
Table 2. Developmental characteristics of the kids by the years (mean ± se) 

Year n BW n WW ADG KR 

2018 7098 3.50 ± 0.01b 7098 14.95 ± 0.02c 190.82 ± 0.43c 25.0±0.03d 
2019 7331 3.47 ± 0.01a 6769 14.79 ± 0.02a 188.70 ± 0.43b 23.0±0.08a 
2020 7625 3.60 ± 0.01c 7247 15.46 ± 0.02e 197.52 ± 0.33e 24.0±0.07c 
2021 7458 3.59 ± 0.01c 6920 15.23 ± 0.01d 193.94 ± 0.28d 23.3±0.08b 
2022 7643 3.64 ± 0.01d 7100 14.86 ± 0.01b 186.99 ± 0.23a 22.9±0.07a 

P  0.000  0.000 0.000 0.000 

Overall 37155 3.56 ± 0.01 35134 15.06 ± 0.01 191.64 ± 0.14 23.6±0.03 
BW, birth weight; WW, weaning weight; ADG, average daily gain; KR, Kleiber ratio 

weight of kids was affected by sex (P<0.01). This value 
was calculated to be 15.20 0.01 kg for females and 
14.92 0.01 kg for males. It was determined that gender 
was also effective in weaning weight and ADG. There is 
no significant numerical difference was observed 
between the sex groups in terms of both 
characteristics, but differences were found to be 
statistically significant (P<0.01).  

The birth type has affected the birth weight, 
weaning weight and ADG. Average birth weight was 
found to be 3.59 ± 0.01 kg in single born, 3.52 ± 0.01 kg 
in twins and 2.76 ± 0.01 kg in twins. There was no 
statistical difference between single and twin-born 
kids, the difference between these two groups and 
triplets was found to be significant (P<0.01). It was 
determined that was found to have an impact on WW 
and ADG as well. There was no statistical difference 
between single and twins in terms of both 
characteristics(P>0.05), but a statistical difference was 
found between these two groups and those born with 
triplets (P<0.01). 

The Kleiber ratio was developed as a reflection of 
feed conversion efficiency. While 2-year-old goats had 
the greatest KR value (24.1 0.07), it was found that the 

lowest KR value varied depending on the mother's age. 
a statistical difference was observed between 3 and 
over-aged and 2 aged in terms of KR (P<0.01). KR values 
were calculated to be close in female and male kids 
(23.7 ± 0.04 vs 23.5 ± 0.04). However, this difference 
was statistically significant (P<0.01). An interesting 
situation was revealed when KR values were evaluated 
according to sex. Normally, it was expected that single-
born (23.2 ± 0.04) are to be higher than twins (24.3 ± 
0.04) and triplets, while triplets received a higher value 
(25.3 ± 0.02). 

Lactation milk yields adjusted for 210 days 
according to years and ages are given in Table 4.  

It was observed that there is a systematic change in 
the milk yield of Kilis goats depending on age, and the 
effect of year and age has been determined. 
Accordingly, the effect of year and age on milk yields 
was determined (P<0.01). Lactation milk yields 
decreased in the last year of the study. Due to the long-
lasting snowfall in the region, the goats could not be 
taken to the pasture, and due to the harsh weather 
conditions, seasonal grasses could not be grazed in 
sufficient quantities. An insufficient amount of 
supplementary feeding also caused a decrease in milk  
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Table 3. Developmental characteristics of kids in Kilis goats by the age of the mother, sex, and birth type (mean ± se) 

Age n BW (kg) n WW (kg) ADG (g) KR 

2 6002 3.54 ± 0.01a 5746 15.28 ± 0.02d 195.57 ± 0.40d 24.1 ± 0.07b 
3 8173 3.58 ± 0.01b 7729 15.03 ± 0.01b 190.97 ± 0.29b 23.6 ± 0.06a 
4 9174 3.53 ± 0.01a 8662 14.78 ± 0.01a 187.55 ± 0.30a 23.4 ± 0.06a 
5 and over 13806 3.59 ± 0.01b 12997 15.17 ± 0.01c 193.02 ± 0.23c 23.6 ± 0.05a 
P  0.000  0.000 0.000 0.000 

Sex 

Male 18729 3.60 ± 0.01 17756 15.20 ± 0.01 193.23 ± 0.21 23.7 ± 0.04 
Female 18426 3.52 ± 0.01 17378 14.92 ± 0.01 190.01 ± 0.20 23.5 ± 0.04 

P  0.000  0.000 0.000 0.000 

Birth type 

Single 22230 3.59 ± 0.01b 20667 15.11 ± 0.01b 191.90 ± 0.20b 23.2 ± 0.04a 
Twin 14892 3.52 ± 0.01b 14434 15.00 ± 0.01b 191.29 ± 0.20b 24.3 ± 0.04ab 
Triplet 33 2.76 ± 0.01a 33 13.45 ± 0.01a 178.16 ± 3.45a 25.3 ± 0.02b 

P  0.000  0.000 0.003 0.000 

Overall 37155 3.56 ± 0.01 35134 15.06 ± 0.01 191.64 ± 0.14 23.6 ± 0.03 
BW, birth weight; WW, weaning weight; ADG, average daily gain; KR, Kleiber ratio 

 
 
Table 4. Milk yield of Kilis goats (l) 

Year LMY Age LMY 

2018 324.53±0.93a 2 348.19±1.27a 
2019 359.06±0.97b 3 370.62±1.11c 
2020 373.54±1.05c 4 381.19±0.94d 
2021 408.19±1.02d 5 and over 362.98±0.85b 
2022 359.63±1.30b   

P 0.000  0.000 

Overall  367.64±0.51  
LMY, lactation milk yield 

 
 
yield. It was determined that there is an increase in 
milk yield with the effect of selection made in the 
herd and the improvement of environmental factors. 
 

Discussion 

Table 1 shows reproductive characteristics of Kilis 
goats. Factors influencing reproductive performance 
in any animal can be classified as intrinsic or extrinsic. 
Extrinsic factors are associated with the environment, 
management practices, and farm conditions, whereas 
intrinsic factors are related to the genotype of the 
animal. Tatar et al. (2019) calculated the pregnancy 
rate as 95.30%, the birth rate as 99.30%, the single 
birth rate as 53.35%, the twin birth rate as 41.73%, the 
triplet birth rate as 4.08%, and the fertility rate as 
150.70% in Kilis goats. Keskin et al. (2018) reported 
that the fertility range in Kilis goats was between 123-
136%. Therefore, our results are in line with the 
reports of researchers. 

The growth performance of kids determined by the 
years are given in Table 2. The variation in birth weight, 
weaning weight and average daily gain in different 
years can be considered a reflection of rainfall, 
environmental conditions, pasture quality, grass, and 
feed production. In animal production, effective 
reproduction is crucial for overall production. Goat 

reproduction is influenced by genetic factors and 
environmental with a high sensitivity to the latter 
(Song & Sol, 2006). Gül et al. (2016) reported that birth 
and weaning weights in Kilis goats are affected by the 
age of the mother, gender and year, and the average 
birth and weaning weights are 3.0 kg and 16.0 kg. 
Similarly, Özdemir & Keskin (2018) stated that the 
developmental characteristics of Kilis goat kids are 
affected by the environment. The differences between 
the numerical values obtained can be explained as 
there is a wide variation in Kilis goats and it is caused 
by environmental effects. Our results for growth 
performance correlated with a review of the literature. 

Table 3 shows the developmental characteristics of 
kids of Kilis goats by the maternal age, sex, and birth 
type. Does age have a significant effect on the birth 
weight of kids. The significant influence of maternal 
age on the birth weight of kids was reported in 
previous studies (Elmas et al., 2020; Ceyhan et al., 
2021; Gül et al., 2022).  Also, the dam’s maternity 
ability affects the weaning weight of kids (Gül et al., 
2017).  

It is well known that males are heavier birth 
weights than females. Researchers working on Kilis 
goats (Keskin et al., 2017; Gül et al., 2022; Keskin et al., 
2022) and other breeds (Kuthu et al. 2013; Dinçel et 



29 

 

al., 2019; Topbaş & Dağ, 2019; Erdem et al., 2022) have 
published a research article on this subject. Also, sex 
affects growth characteristics due to the positive 
relationship between male gonadal cells and growth 
hormones related to growth performance (Mourad 
and Anous, 1998; Koşum et al., 2004; Gökdal et al., 
2013).  

In multiple pregnancies, due to the presence of 
multiple fetuses, the secretion of placental lactogen, 
progesterone and prolactin hormones, which are 
mammary gland stimulants, increases and more milk is 
produced (Lobo et al. 2017). However, females 
carrying multiple fetuses during pregnancy tend to 
produce more milk due to the lactation reflex and 
physiological mechanism that prepares the udder to 
produce more milk (Idowu and Adewumi 2017). 

The analysis of the variance table revealed that 
maternal age, sex, and birth type had a significant 
effect on birth weight, weaning weight, and ADG. 
Keskin et al. (2018) reported that birth weight in Kilis 
goats was affected by maternal age, sex, and birth 
type. The birth weight in kids ranged between 3.4 and 
3.7 kg, and weaning weight was between 11.9 and 12.8 
kg in Kilis province. Gül et al. (2022) stated that 
environmental factors were effective on the 
developmental characteristics of Kilis goat kids in 
Gaziantep and calculated the average birth weight as 
3.5 kg, weaning weight as 15.2 kg and average daily 
body weight gain of 193.4 g in kids. Our findings of the 
study were in partial agreement with the findings of 
many researchers (Zeleke, 2007; Adenaike and Bemji 
2011; Güngör et al., 2021; Keskin et al., 2022; Tüfekci, 
2023). The slight variations between the findings from 
this study and those from other studies are believed to 
be caused by the large variety of breeds, individual 
effects, and environmental factors. 

The values we calculated for KR in Kilis goats were 
higher than the reports of researchers in different 
breeds (Supakorn & Pralomkarn, 2012; Kahadda et al., 
2018; Hammoud et al., 2019). However, it is in 
agreement with the values obtained from Kilis goats by 
Gül et al. (2023). According to the results of this study, 
it can be said that environmental factors played a role 
on the Kleiber ratios in the kids of Kilis goats. 

Descriptive values for lactation milk yield in Kilis 
goats are given in Table 4. Milk yield in animals 
increases with age due to increases in metabolic 
activity, hormone levels used in milk synthesis, 
secretory cells and food intake (Idowu and Adewumi 
2017). Milk yield in goats increases physiologically up 
to 4-5 lactations and tends to decrease in subsequent 
lactation periods (Kaymakçı, 2006). Özdemir & Keskin 
(2018) reported lactation milk yield in Kilis goats as 
212.8 kg in Gaziantep and 306.8 kg in Kilis provinces; 
Gül et al. (2016), on the other hand, found this value 
to be 293.7 l in the control group and 408.3 l in the 
supplemental feeding group in Hatay province; 

Daşkıran et al. (2022) reported the milk yield of Kilis 
goats as 201.05 kg in breeder conditions. Our findings 
the present study is higher than Özdemir & Keskin 
(2018) and Daşkıran et al (2022), in line with the report 
of Gül et al. (2016) in the supplementary feeding 
group. 

Kilis goats are an important genetic resource that 
has been taken to different regions in Türkiye. Studies 
have been carried out on this breed in the regions 
where it is grown. Koşum et al. (2004) in İzmir, 
Alizadehasl and Ünal (2011) in Ankara, Gül et al. (2016) 
in Hatay, Tatar et al. (2019), in Diyarbakir, Keskin et al. 
(2018) Kilis province and Gül et al. (2023) in Gaziantep 
province conducted studies on progeny, milk yield and 
kid yield in Kilis goats. When all studies are compared, 
it is seen that milk yield performances in goats are very 
close to each other, but it can be said that the 
differences are caused by care, feeding and 
environmental factors. In addition, as seen in this 
study, there are serious variations between regions in 
Kilis goats. From this point of view, it becomes 
necessary to go a long way in terms of improvement. 

Conclusion 

Livestock activities should be evaluated with their 
economic, social, cultural and environmental aspects. 
If one of these components is absent, discussing 
sustainability will be challenging. The first step 
towards a well-structured and sustainable animal 
breeding and conservation program is to uncover 
detailed information about intra- and inter-species 
genetic diversity. This shows how important it is to 
reveal the genetic structure of the breeds. 

Data from this study were provided under 
extensive farm conditions. The inclusion of modern 
breeding methods in this system, which is completely 
carried out in traditional and extensive conditions, will 
provide an increase in the quantity and quality of 
production and continuity in animal breeding.  

Some reproductive traits and milk yield of Kilis 
goats that is one of the local genetic resources were 
investigated in this study. it is seen that there is a 
significant variation in Kilis goats. The reproductive 
parameters and milk yield are generally affected by 
factors such as year, age, management, nutrition and 
regional conditions in does. Also, it has been 
determined that non-genetic factors are effective on 
the growth characteristics of kids. It is crucial for 
selection to identify these environmental elements 
that have an impact on animal growth and 
development and to take them into account when 
choosing animals. In addition, taking the first steps 
from the classical breeding method to the genomic 
breeding method and using these two methods 
together will increase the success. If we make a 
general evaluation of Kilis goats, it can be easily said 
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that this breed has an important place for the 
country's economy. 

Funding Information 

This project was supported by Republic of Türkiye 
Ministry of Agriculture and Forestry General 
Directorate of Agricultural Research and Policies under 
National Public Small Ruminant Improvement Project 
in Gaziantep province (Project number: 27KLS2012-
01). 

Author Contributions 

Sabri GÜL: Conceptualization, Data Curation, 
Formal Analysis, Investigation, Methodology, 
Visualization and Writing -original draft; Mahmut 
KESKİN: Data Curation, Methodology, Visualization, 
Writing -review and editing; Şerafettin KAYA: Data 
Curation, Methodology, Visualization, Writing -review 
and editing; Mustafa DİKME: Data Curation, 
Methodology, Visualization, Writing -review and 
editing 

Conflict of Interest 

 “The author(s) declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to 
influence the work reported in this paper.” 

Acknowledgements 

We would like to thank TAGEM, Gaziantep Sheep 
and Goat Breeders’ Association, and the technical staff 
of project for their valuable contributions to the 
project. 

References 

Adenaike AS, Bemji MN (2011) Effects of environmental 
factors on birth weights and weaning weights of 
West African dwarf goats under intensive and 
extensive management systems, Advances in Agri. 
Biotech., 12011: 9-14.  

Alizadehasl M, Ünal N (2011) Some morphological traits of 
Kilis, Norduz and Honamlı indigenous goats breeds. 
Lalahan Hayvancılık Araştırma Enstitüsü Dergisi, 
51: 81-92. 

Behrem S, Keskin M, Gül S, Ünay E, Satılmış M, Ünal M, Saçlı 
Y, Erişek, A (2022) Investigation on the Hair 
characteristics of Damascus and Kilis goats. Journal 
of Natural Fibers, 19: 9562-9568. 

Ceyhan A, Çınar M, Serbester U (2022) Kid growth 
performance and reproductive characteristics of 
Hair goats raised under breeder conditions. 
Turkish Journal of Veterinary and Animal Sciences, 
46: 592-598. 

Dinçel D, Ardıçlı S, Samlı H, Ogan MM, Balcı F (2019) 
Comparison of Kilis goats raised in Gaziantep and 
Kilis provinces due to some morphological and 
physiological characteristics. Turkish Journal of 

Agriculture - Food Science and Technology, 7: 
1541-1547.  

Erdem E, Bulut ETÖ, Erat S (2022) Comparison of growth and 
development characteristics of hair and Damascus 
kids reared under extensive conditions. Kocatepe 
Veterinary Journal, 15: 84-93.  

Gül S (2008) Comparison of different goat genotypes of 
performances under east mediterranean region 
conditions. Hatay Mustafa Kemal University 
Natural Sciences, Department of Animal Science, 
Doctoral thesis. 125p, Hatay, Türkiye. 

Gül S, Keskin M, Göçmez Z., Gündüz Z (2016) Effects of 
supplemental feeding on performance of Kilis 
goats kept on pasture condition. Italian Journal of 
Animal Science, 15: 110-115.  

Gül S, Keskin M, Kaya, Ş (2022) Effects of environmental 
factors on growth performance of Kilis goat in 
Gaziantep Province. Livestock Studies, 62: 16-20. 

Gül S, Arzık Y, Kızılaslan M, Behrem S, Keskin M (2023) 
Heritability and environmental influence on 
pre‑weaning traits in Kilis goats. Tropical Animal 
Health and Production, 55: 85. 
https://doi.org/10.1007/s11250-023-03509-3. 

Güngör İ, Alkoyak K, Öz S, Koncagül S (2021) Growth, survival 
rate, and some reproductive characteristics of Hair 
goat under breeder conditions in Kahramanmaraş 
Province. Turkish Journal of Veterinary and Animal 
Sciences, 45: 1022-1029. 

Daşkıran İ, Yılmaz A, Günbey VS (2022) A study on lactation 
milk yield and milk qualtiy characteristics of Kilis 
goats in farm conditions. Journal of Tekirdag 
Agricultural Faculty, 19: 678-687. 

Ghafouri-Kesbi F, Abbasi MA, Afraz F, Babaei M, Baneh H, 
Arpanahi RA (2011) Genetic analysis of growth rate 
and Kleiber ratio in Zandi sheep. Tropical Animal 
Health Production, 43: 1153-1159. 

Gökdal Ö, Atay O, Özuğur A K, Eren V (2013) Growth and 
survival characteristics of Hair goat and its crosses 
with Saanen and Alpine goats under rural farm 
conditions. Journal of Animal Production, 54 (1): 
30-37. 

Hammoud MH, Salem MMI (2019) Estimates of variance 
components and heritabilities of pre-weaning 
growth traits of Anglo-Nubian and Baladi kids. 
Egyptian Journal of Animal Production, 56: 121-
127. 

Idowu ST, Adewumi OO (2017) Genetic and non-genetic 
factors affecting yield and milk composition in 
goats. Advances in Dairy Research, 5: 1000175.  

Illa SK, Gollamoori G, Nath S (2018) Direct and maternal 
variance components and genetic parameters for 
average daily body weight gain and Kleiber ratios 
in Nellore sheep. Tropical Animal Health and 
Production, 51: 155–163. 

Kaymakçı M (2006) Goat Breeding. Ege University, 
Agricultural Faculty. İzmir Province Sheep-Goat 



31 

 

Breeders' Association Publications No: 2, Meta 
Edition, Bornova-İzmir. 

Keskin M, Şahin, A, Biçer O, Gül S (2004) Comparison of the 
Behaviour of awassi lambs in cafeteria feeding 
system with single diet feeding system. Applied 
Animal Behaviour Science, 85: 57-64. 

Keskin M, Gül S, Can E, Gündüz Z (2016) Milk yield and 
reproductive traits of Shami and Kilis x Hair goat 
crossbred genotypes under semi-intensive 
conditions. Lalahan Hayvancılık Araştırma 
Enstitüsü Dergisi, 56: 20-24. 

Keskin M, Gül S, Biçer O, Daşkıran İ (2017) Some 
reproductive, lactation, and kid growth 
characteristics of Kilis goats under semiintensive 
conditions. Turkish Journal of Veterinary and 
Animal Sciences, 41: 248-254. 

Keskin M, Gül S, Daşkıran İ, Gündüz İ, Biçer O, Behrem S 
(2018) Kilis goat breeding programme and some 
yield parameters in farm condition. 1st 
International GAP Agriculture and Livestock 
Congress. P.9. 25-27 April, Şanlıurfa-Türkiye. 

Keskin M, Gül S, Kaya Ş (2022) Five-year term evaluation of 
the project named "Kilis Goat National Breeding 
Project in Kilis Province. Livestock Studies, 62: 7-
15.  

Khadda BS, Singh B, Singh DV, Singh, SK, Singh CB, Singh JL 
(2018) Genetic and non-genetic parameters of 
Kleiber ratio in Pantja goat under field conditions 
of Tarai region of Uttarakhand. Indian Journal of 
Animal Sciences, 88: 1370–1373. 

Kleiber, M., 1947. Body size and metabolic rate. Physiological 
reviews, 27, 511–541.  

Koşum N, Taşkın T, Akbaş Y, Kaymakçı M (2004) Heritability 
estimates of birth and weaning weights in Saanen, 
Bornova and Saanen x Kilis goats. Pakistan Journal 
of Biological Sciences, 7 (11): 1963-1966. 

Kurtay T (2019). Determination of growth and life 
characteristics of Damascus x Kilis F1 kids in 
breeders conditions. Dicle University, Natural 
Sciences, Master thesis, Department of Animal 
Science. 53 p. Diyarbakır-Türkiye. 

Kuthu ZH, Javed K, Babar ME, Sattar A, Abdullah M (2013) 
Environmental effects of growth traits of Teddy 
goats. The Journal of Animal & Plant Sciences, 23: 
692-698.  

 

 

 

 

 

Lôbo AMBO, Lôbo RNB, Facó O, Souza V, Alves AAC, Costa 
AC, Albuquerque MAM (2017) Characterization of 
milk production and composition of four exotic 
goat breeds in Brazil. Small Ruminant Reserach, 
153: 9-16. 

Mourad M, Anous MR (1998) Estimates of genetic and 
phenotypic parameters of some growth traits in 
Common African and Alpine crossbred goats. Small 
Ruminant Research, 27: 197-202. 

Özdemir FH, Keskin, M (2018) Comparison of Kilis goats 
raised in Gaziantep and Kilis provinces due to some 
morphological and physiological characteristics. 
Journal of Agricultural Faculty of Mustafa Kemal 
University 23: 115-123.  

Özkan E, Saatçı M, Ağaoğlu M, Korkmaz Ö, Akbaş AA, Özçelik 
MM, Gezer G, Yılmaz G (2020) Reproductive 
performance and kid growth until weaning in Hair 
goat reared on-farm conditions in Turkey. Turkish 
Journal of Veterinary and Animal Sciences, 44: 370-
376. 

Song H, Sol HS (2006) Reproductive performance of Korean 
native goats under natural and intensive 
conditions. Small Ruminant Research, 65: 284-287. 

SPSS (2012) IBM Corp. Released 2012. IBM SPSS Statistics for 
Windows, Version 21.0. Armonk, NY, USA: IBM 
Corp. 

Supakorn C, Pralomkarn W (2012) Genetic parameter 
estimates for weaning weight and Kleiber ratio in 
goats. Songklanakarin Journal of Science 
Technolgy, 34: 165-172. 

Tatar AM, Tuncer SS, Şireli HD (2019) Comparison of yield 
characteristics of Damascus and Kilis goats in dry 
climatic conditions. Austral Journal of Veterinary 
Sciences, 51: 61-66. 

Topbaş H, Dağ B (2019) Some reproductive characteristics of 
Honamlı goats. Selcuk Journal of Agriculture and 
Food Sciences, 33: 223-226. 

Tüfekçi H (2023) Determination of some yield characteristics 
of Hair goats under extensive conditions. MAS 
Journal of Applied Sciences, 8: 329–335. 

Zeleke ZM (2007) Environmental influences on preweaning 
growth performances and mortality rates of 
extensively managed Somali goats in Eastern 
Ethiopia. Livestock Reserach Rural Development, 
19(12). 

 

 

 

 



Livestock Studies, 2024; 64(1): 32-37 

http://doi.org/10.46897/livestockstudies.1512318 

 

 
   

R E S E A R C H   P A P E R 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Introduction 
 

There are many factors that affect the profitability 
of dairy cows, such as fertility and milk yield, calving 
interval, dry period, number of artificial inseminations 
per pregnancy, age at first service. The most important 
of these factors is the ability to produce a good milk 
yield and one calf per year from healthy animals, which 
depends on reproductive performance. Reproductive 
performance is measured on the basis of numerical 
values such as service period, number of artificial 
inseminations per pregnancy, calving interval (Gökcan 

et al., 2021). These measurements are made possible by 
ensuring herd continuity and cow conception (Bakır and 
Kibar, 2019). After the calving period, the period until 
the formation of a new pregnancy is called the service 
period (Gül and Karaca, 2022). Tüzemen (2020) reported 
that this period should be 85 days. 

The lactation period in which the cow begins to 
produce milk at the end of calving is accepted as a 
standard of 305 days (Alpan and Aksoy, 2009). Cows with 
a lactation period of less than 305 days are evaluated on 
the basis of the number of milking days if they are 
spontaneously dry, and if the milking period is stopped 
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Abstract 
 
In order to investigate the relationship between some environmental factors and 
the number of artificial inseminations per pregnancy with milk yield, data of 90 
healthy Holstein breed dairy cows in a private dairy farm in Karapınar district of 
Konya province were taken. For the utilization of the data, age, number of 
artificial inseminations, lactation yield, calving season and sequence of lactation 
records were taken from the herd management program in the enterprise and 
analysed. As a result of the analysis, the number of artificial inseminations per 
pregnancy in 2016 was 1.79 and lactation milk yield was 10079,41 kg; the number 
of artificial inseminations per pregnancy in 2017 was 2.16 and lactation milk yield 
was 9767.94 kg. There was a statistically significant relationship between the 
number of artificial inseminations per pregnancy and milk yield during lactation 
period in both years. As a result, the increase in the number of artificial 
inseminations per pregnancy negatively affected the average milk yield of 
lactation period. Genetic and environmental factors are thought to play a major 
role in this effect. 
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due to disability, reform, forced slaughter and disease, 
correction factors are applied according to 305 days. If 
the lactation period is longer than 305 days, it is 
assumed that milking takes place twice a day and 
correction factors are applied according to 305 days 
(McDaniel et al., 1965). The lactation period ends with 
the dry period, which should be 60 days If the dry 
period is longer than 60 days or shorter than 40 days, 
the yield is reduced in the next lactation period 
(Homan and Wattiaux, 2008).. 

In dairy farms, if the conditions for resuming 
pregnancy are not met, the service period is extended 
and the number of artificial inseminations per 
pregnancy increases. As a result, the cost of AI per 
pregnancy also increases (Alkan et al., 2021). In 
addition to artificial insemination at the right time to 
initiate pregnancy, there are other factors that affect 
reproductive performance. These factors are generally 
expressed as temperature stress, ration, inaccurate 
estrus detection, foot disease, udder health and 
metabolic diseases (Walsh et al., 2011). 

The number of inseminations per pregnancy refers 
to the number of artificial inseminations performed to 
get the cow pregnant again after calving. Ideally, this 
number should be less than 1.5 and this situation is 
considered successful. If the number of inseminations 
per pregnancy is 1.8 and above, it is considered 
unsuccessful (Kaya, 2013). Inchaisri et al. (2010) stated 
that the number of artificial inseminations per 
pregnancy should be 1.61 to ensure the profitability of 
the farm. In the literature review, there are different 
reports on the number of inseminations per pregnancy 
(Bilgic and Yener, 1999; Kaygısız, 1997; Yıldırım, 1999; 
Duru and Tuncel, 2002; Orman, 2003; Yaylak, 2003; 
Saglam and Ugur, 2007; Bayrıl and Yılmaz, 2010; Sahin 
and Ulutas, 2011; Tangorra et al., 2022). 

Kaya et al. (2003) found the average lactation yield 
of Holstein, which are known to have the highest milk 
yield, to be 6232 kg of Italian origin; Yaylak and Kumlu 
(2005) 6341 kg; Özkök and Uğur (2007) 6729. 2 kg; 
Orman and Oğan (2008) 4535 kg; Şahin and Ulutaş 
(2010) 6976 kg; Tutkun (2015) 6198 kg; Sarar and Tapkı 
(2017) 6588 kg; Genç and Sosyal (2018) 6189 kg. 

Looking at the data obtained by Karakçı (1990) in 
his study where the number of inseminations per 
pregnancy and the 305-day adjusted lactation milk 
yield average were analysed together in Holstein cows 
of different origins, a positive correlation can be 
mentioned between the number of inseminations per 
pregnancy and the 305-day adjusted lactation milk 
yield. 

In this study, Holstein cattle were preferred as 
animal material due to the popularity of the breed and 
high lactation efficiency. There are studies in the 
literature (Erdem et al., 2007; Sahin and Ulutas, 2010) 
that have investigated the effect of number of 
inseminations per pregnancy on reproductive traits. 

However, the lack of sufficient number of studies 
investigating the effect of number of inseminations per 
pregnancy on milk yield shows that this study is original 
and it is believed that it will provide new information 
for future studies. This study was conducted to 
investigate the effect of some environmental factors, 
especially the number of inseminations per pregnancy, 
on the milk yield of Holstein cows in private dairy farms 
in Karapınar district of Konya province between 2016 
and 2017. 

 

Materials and Method 

The study material was obtained from the herd 
management programme of a private dairy farm in 
Karapınar district, Konya province, by collecting data 
from 90 healthy Holstein breed milking cows in 2016 
and 2017. Data belonging to the same animals were 
selected to be used in the analyses. The records during 
this period included age, number of inseminations per 
pregnancy, number of days milked, milk yield during 
the lactation period, calving season and sequence of 
lactation.  

The lactation periods of cows with lactation periods 
shorter than 305 days were calculated based on the 
number of days milked, those whose lactation period 
was terminated due to disease were calculated by 
applying correction factors according to 305 days, those 
with lactation periods longer than 305 days were 
calculated according to 2 milkings per day and by 
applying correction factors according to 305 days.  

For calving season, December, January, February 
were grouped as winter season, March, April, May as 
spring season, June, July, August as summer season and 
September, October, November as autumn season. The 
number of inseminations per pregnancy was grouped 
as 1-2 1; 3-4 2; 5-6 3; 7 and above 4. 

The SPSS 26 package was used for statistical analysis 
of the data obtained. The data were normally 
distributed (Tabachnick and Fidell, 2013). Correlation 
was used to determine if there was a relationship 
between the variables; regression analysis was used to 
determine the degree of relationship between the 
variables (P<0.05 significant; P<0.01 highly significant). 
The following formula has been used in regression 
analyses for both years. 

 
y=a+bx1+bx2+…..bxz    
 
In which; y = dependent variable, a = constant, b = 

regression coefficient, x = independent variable 
The ethics committee report required for the study 

was obtained with the decision of the Ethics Committee 
of the Experimental Animal Production and Research 
Centre (SUVDAMEK) of the Faculty of Veterinary 
Medicine, Selcuk University, dated 02.11.2023 and 
numbered 2023/115. 
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Results and Discussion 
 

It was determined that all values for both years 
exhibited a normal distribution, and the mean values 
and standard errors for the variables are provided in 
Table 1. 

The results of the correlation analysis (Table 2) 
indicated that for the year 2016, there was a significant 

correlation between lactation yield and both age and 
sequence of lactation (P<0.05). Additionally, there was 
a highly significant correlation between the number of 
inseminations per pregnancy and lactation yield 
adjusted to 305 days (P<0.01). Similarly, the 
calculations for the year 2017 also showed a highly 
significant correlation between lactation yield and 
these variables (P<0.01). 

The correlations between age and the number of 
inseminations per pregnancy, as well as age and 
lactation yield adjusted to 305 days, were significant 
for the year 2016. Additionally, the correlation 
between age and sequence of lactation was found to 
be highly significant. 

The correlation between the number of 
inseminations per pregnancy and the sequence of 
lactation was observed to be significant for both 2016 
and 2017.  

When examining the correlation between lactation 
yield adjusted to 305 days and the sequence of 

lactation, a significant correlation was found for 2016, 
whereas no correlation was found for 2017. 

According to the t-test results for the significance 
of the regression coefficients (Table 3), the lactation 
yield adjusted to 305 days can be considered a 
significant determinant of lactation milk yield for the 
years 2016 and 2017. 

In studies investigating the number of 
inseminations per pregnancy, the following values 
were reported: Kaygısız (1997) found 2.19; Bilgiç and 
Yener (1999) found 1.4; Yıldırım (1999) found 1.95; 
Duru and Tuncel (2002) found 1.33; Orman (2003) 

Table 1. Means and standard errors of the variables.  

Variable 
Mean  Std Error 

2016 2017 

Lactation yield (kg) 10079.41  3462.573 9767.94  2467.123 

Age 3.77  1.374 4.94  1.369 
Inseminations per pregnancy  1.79  0.977 2.16  1.027 

Number of days milked 364.41  109.736 353.61  69.185 

305 days corrected for milk yield 8225.29  1605.399 8315.06  1600.389 

Sequence of lactation 2.49  1.603 3.52  1.173 

 

Table 2. Correlation analysis of variables. 

2016 Lactation 
yield (kg) 

Age Inseminations 
per pregnancy 

305 days 
corrected for 
milk yield 

Calving 
season 

Age 0.019*     
Inseminations per 
pregnancy 

0.000** 0.031*    

305 days corrected for 
milk yield 

0.000** 0.040* 0.328   

Calving season 0.167 0.333 0.276 0.320  
Sequence of lactation 0.005* 0.000** 0.031* 0.003* 0.464 

2017 

Age 0.491     
Inseminations per 
pregnancy 

0.000** 0.085    

305 days corrected for 
milk yield 

0.000** 0.493 0.421   

Calving season 0.288 0.073 0.297 0.078  
Sequence of lactation 0.354 0.000** 0.045* 0.378 0.130 
*p<0.05  
**p<0.01 
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(2022) found 2.2-2.9. According to Kaya (2013), the 
value of 1.79 obtained for the year 2016 fell in between 
and did not show similarity to other studies. Similarly, 

according to the same statement, the value of 2.16 
obtained for the year 2017 showed similarity to the 
values found by Kaygısız (1997) and Tangorra et al. (2022) 
but was considered unsuccessful. According to Inchaisri 
et al. (2010), the farm failed to reach the ideal number 
for economic profitability. 

The results of 305-day milk yield in the studies carried 
out by some researchers; Kaya et al. (2003) found 6232 
kg for Italian origin Holsteins; Yaylak and Kumlu (2005) 
found 6341 kg; Özkök and Uğur (2007) found 6729.2 kg; 
Orman and Oğan (2008) found 4535 kg; Şahin and Ulutaş 
(2010) found 6976 kg; Tutkun (2015) found 6198 kg; 
Sarar and Tapkı (2017) found 6588 kg; and Genç and 
Sosyal (2018) found 6189 kg. The average lactation milk 
yield for the year 2016 in this study was 10079.41 kg, and 
for the year 2017, it was 9767.94 kg. These values were 
higher than those reported in these studies and did not 
show similarity. In a study by Karakçı (1990) examining 
both the number of inseminations per pregnancy and 
lactation milk yield adjusted to 305 days in cows, the 
values were reported as follows: for Israeli origin 
Holsteins, 1.83 and 5119.44 kg; for German origin 
Holsteins, 1.74 and 4394.17 kg; for American origin 
Holsteins, 1.48 and 4382.76 kg. Israeli origin Holsteins 
had higher average milk yields during both the pregnancy 
per insemination and lactation periods compared to 

German and American origin ones. Israeli origin 
Holsteins had the highest pregnancy per insemination 
and lactation yields. The average number of 
inseminations per pregnancy and lactation milk yield 
adjusted to 305 days in this study were 1.79 and 
8225.29 kg for 2016, and 2.16 and 8315.06 kg for 2017, 
respectively. These values are consistent with the 
findings of Karakçı (1990). According to the study's 
findings, there is a negative correlation between the 
number of inseminations per pregnancy and milk yield. 
That is, while the number of inseminations per 
pregnancy increased in 2017, the lactation milk yield 
decreased. As a result of the regression analysis, an 
increase of 0.37 in the number of inseminations per 
pregnancy resulted in a loss of 311.47 kg in lactation 
milk yield, with a loss of 3.4 kg per animal. The analysis 
results indicate that the number of inseminations per 
pregnancy alone does not affect milk yield, and many 
genetic and environmental factors also affect milk 
yield. 

In studies on the effect of calving season on milk 
yield, some have stated that it affects milk yield, while 
others have stated that it does not (Ozcan, 1994; 
Thaler et al., 1996; Pelister, 1998; Reyes, 1998). It has 
been suggested that the effect of the season on milk 
yield may arise from factors such as temperature, body 

found 1.69; Yaylak (2003) found 1.87; Sağlam and Uğur 
(2007) found 1.60; Bayrıl and Yılmaz (2010) found 1.47; 
Şahin and Ulutaş (2011) found 1.59; Tangorra et al. 

Table 3. Regression analyses for predicting variables with lactation milk yield. 

Variable Std error β t P 

2016 

Constant* 504.054  -16.242 0.001 

Age 122.746 0.028 0.0569 0.571 

Inseminations per pregnancy 144.801 -0.023 -0.567 0.572 

305 days corrected for milk yield 0.047 0.535 24.322 0.001 

Calving season 66.781 -0.015 -0.713 0.478 
Sequence of lactation 162.880 -0.057 -1.144 0.256 

2017 

Constant* 399.611  17.270 0.001 

Age 81.972 -0.045 -0.993 0.323 

Inseminations per pregnancy 58.329 -0.021 -0.853 0.396 

305 days corrected for milk yield 0.031 0.679 33.851 0.001 

Calving season 46.014 0.002 0.088 0.930 

Sequence of lactation 96.392 0.019 0.418 0.677 
* milk yield in lactation 
(For 2016 R:982 R2=.965 F(8.90)=381.801 P:.001) 
(For 2017 R:982 R2=.965 F(8.90)=381.801 P:.001) 
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weight, breed, and diet (Linwill and Pardue, 1992). In 
this study, it was found that the effect of the season on 
lactation milk yield was not statistically significant 
(P>0.05). 

There are researchers who report that sequence of 
lactation affects lactation milk yield (Kurt, 2001; Erdem 
et al., 2007), as well as researchers who report that 
there is no effect (Bakir and Cetin, 2003; Tekerli and 
Gündogan, 2005). While the effect of sequence of 
lactation was found to be significant for lactation yield 
in 2016, it was found to be insignificant for 2017. The 
results obtained in the study support both of these 
statements expressed by researchers. 

 

Conclusion  
 

In conclusion, according to the study, there is a high-
level correlation between the number of inseminations 
per pregnancy and lactation milk yield, and the 
regression analysis indicates that an increase in the 
number of inseminations per pregnancy leads to a 
decrease in lactation milk yield. Furthermore, an 
increase in the number of inseminations per pregnancy 
increases labor requirements, time loss, and causes 
significant economic losses to the farm. Therefore, 
inseminations should be performed at the right time 
and with proper technique. Indeed, managerial errors in 
farms can also lead to an increase in the number of 
inseminations per pregnancy and a decrease in lactation 
milk yields. Additionally, investigating the effects of 
these and similar factors in subsequent studies will be 
beneficial for breeders. 
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Introduction 

Alfalfa (Medicago sativa L.) is one of the most 
important feed crops globally because of its 
abundant nutritional availability and high protein 
content (Guo et al., 2019; Boga and Ayasan, 2022; 
Şengül et al., 2022).  This plant is remarkable for its 
ability to be harvested three to four times per year 
(Guo et al., 2019). Withered forms of alfalfa are 
used more often than silage in dairy nutrition; 
however, silage may be preferable under wet 
conditions, such as harvesting in autumn (Gül et al., 
2015). Nevertheless, preserving alfalfa in silage 
form poses problems owing to the limited content 
of water-soluble carbohydrates (WSC) (Canbolat et 
al., 2010). The use of additives such as fruit pulp in 
the ensiling process has been explored as a 
potential solution to improve silage fermentation 

characteristics and overall quality (Besharati ̇et al., 
2020).  

Grapes are among the most extensively 
cultivated fruits in the world, finding their way into 
both fresh consumption and the thriving wine and 
cider industries (Li et al., 2017). As a result of food 
processing, approximately 15-20% of grapes are left 
as pulp, contributing to the by-product stream of 
this versatile fruit (Canbolat et al., 2010). Grape 
pulp is a valuable source of WSC and various 
polyphenols including anthocyanins, flavanols, 
hydroxybenzoic and hydroxycinnamic acids, and 
stilbenes (Li et al., 2017). Polyphenols are 
recognized for their beneficial effects on silage 
fermentation processes, wherein they play a pivotal 
role in preventing degradation and actively 
participate in the reduction of silage pH (Ke et al., 
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2015). 

Tangerine is a prominent citrus fruit 
cultivated in Türkiye, accounting for nearly 5% of the 
world's total tangerine production (Ertek et al., 2020). 
Tangerine pulp, on the other hand, is a by-product of 
tangerine fruit processing and has been shown to 
contain high levels of antioxidants, carotenoids, and 
dietary fiber (Rodrigo et al., 2015). Citrus waste 
materials are susceptible to rapid spoilage and can 
potentially cause environmental pollution, causing 
challenges for their proper storage and handling, 
mainly because of their low dry matter content 
(Büyükkiliç Beyzi et al., 2018). Therefore, these by-
products can be utilized in animal nutrition either in 
their fresh form or as ensilaged products. 
Alternatively, they could be used as supplements to 
enhance the quality of other grass silage materials 
(Ülger et al. 2020). 

Although there are studies on the use of 
grape and citrus by-products in different grass silages, 

no study has compared the effects of grape pulp and 
tangerine pulp supplementation in alfalfa silage on 
the chemical composition, silage quality, microflora of 
silage, and organic acid profiles. 

Materials and Methods 
The alfalfa was harvested using hand clippers, 

ensuring a precise cut of approximately 5 cm above 
ground level, in the fields of Eskil district in Aksaray 
Province, Türkiye, during late November 2022. The 
harvested material was chopped into pieces 
measuring 2-4 cm and divided into three portions. 
One portion of the chopped material was ensiled 
without supplementation (Control), whereas the 
other two portions were ensiled with the addition of 
10% grape pulp (GRP) and 10% tangerine pulp (TNP). 
All samples were placed in polyethylene vacuum bags 
and the experiment was conducted with four 
replicates for each treatment. The chemical 
composition of fresh alfalfa is shown in Table 1. 

Table 1 Chemical analysis of fresh alfalfa before ensiling.  

Parameters (%)* Fresh Alfalfa 

 

GRP TNP 

Dry Matter 18.69 24.73 20,49 

 
Crude Protein 25.98 9.43 6.22 

Ether Extract 3.17 5.94 2.93 

Crude Ash 13.55 2.51 3.33 

WSC 3.11 4.57 5.12 

ADF 25.11 

 

41.28 13.87 

NDF 31.30 51.28 16.06 
Results are given on a dry matter basis, *GRP: Grape Pulp, TNP: Tangerine Pulp, WSC: Water Solvable Carbohydrates, ADF: Acid Detergent Fiber, NDF: Neutral 
Detergent Fiber, 

 

The silages were stored for two months. 
Subsequently, upon opening the bags, 40 g of silage 
samples were taken from each bag and diluted with 
360 mL of distilled water. The samples were then 
filtered through Whatman No.1 filter papers. The pH 
of the filtrate was assessed using a pH glass electrode 
(HI 1230 B, Hanna Instruments). The filtrate was 
diluted at a ratio of 1/100 for both the WSC and 
organic acid analyses. To facilitate the analysis of 
organic acids, we added 1.5 milliliters of 1M 
orthophosphoric acid to the filtrate. The mixture was 
then centrifuged at 10,000 rpm for 10 min. The filtrate 
was stored at − -20°C until analysis. A gas 
chromatograph equipped with a flame ionization 
detector (GC-FID) was used for butyric, acetic, and 
propionic acid analyses. An autosampler (Thermo AI-
1310, Thermo Scientific, USA) was used for this 
process. Lactic acid levels were determined according 
to the protocol described by Barnett (1951). Water-
soluble carbohydrate levels in silages were 

determined following the method described by 
Dubois et al. (1951). The WSC values were multiplied 
by 10 and divided by DM. The obtained values were 
multiplied by 10 and divided by the DM of the silage 
samples to determine the lactic acid content as a 
percentage of DM. A seven-day aerobic stability test 
was conducted on the samples following the method 
developed by Ashbell et al. (1991). The Fleig score of 
the silage was calculated using the following 
equation: 220 + (2 × dry matter percentage - 15) - (40 
× pH). 

The chemical compositions of the fresh 
material and silage were determined according to 
AOAC (2000).  After the alfalfa silage samples were 
dried at 105°C for 24 h to determine their DM 
content, the remaining samples were ground and 
further dried in an oven at 60°C until a constant 
weight was achieved (approximately 48 h). The 
ground samples were carefully placed in Ziplock bags 
for subsequent chemical analyses. For ash analysis, 
the samples were ashed in a 550°C ash furnace 
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(NÜVE) to determine the crude ash (CA) content. The 
nitrogen (N) content of the samples was assessed 
using the Kjeldahl method, and the resulting N values 
were multiplied by a conversion factor of 6.25 (N × 
6.25) to obtain the crude protein (CP) content.  The 
determination of crude oil values in the samples 
involved extraction of ether extract (EE) using 
petroleum ether in a Soxhlet apparatus. Neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) 
were determined according to the method described 
by Van Soest et al. (1991) using an Ankom 2000 fiber 
analyzer (Ankom Technology, Fairport, NY, USA). 

After unsealing the silage samples, 10-gram 
sample was mixed with 90 mL of peptone water for 
microbiological cultivation using the spread plate 
technique. The resulting mixture was poured into 
Petri dishes according to the manufacturer's 
instructions. Subsequently, the yeast mold (Sirakaya 
& Büyükkiliç Beyzi, 2022), Enterobacteria (ISO 21528-
2, 2018), Clostridia (ISO 7937, 2004), and lactic acid 
bacteria (ISO 15214, 1998) counts were determined. 
The yeast-mold was counted using Potato Dextrose 
Agar (Merck, Darmstadt, Germany) medium, which 
was then incubated for 5 days at a controlled 
temperature of 25±1°C. Enterobacteria were counted 
using Violet Red Bile Agar W/Glucose (Condalab, 
Madrid, Spain) medium and were subjected to 
incubation at a precisely controlled temperature of 
37±1°C for a duration of 24 h. Similarly, MRS Agar 
(Merck, Darmstadt, Germany) was used to determine 
the population of lactic acid bacteria, which were then 

incubated at a controlled temperature of 37±1°C for 
an extended period of 72 h. Clostridia were 
enumerated using Reinforced Clostridial Agar 
(Condalab, Madrid, Spain) medium, which was then 
incubated for 48 h at a controlled temperature of 
35±2°C. For Clostridia, the poor-plate method was 
used, and incubation was performed in an oxygen-
free environment. 

All data were subjected to analysis of variance 
(ANOVA) using the General Linear Model of SPSS 
(version 25.0; IBM Corp., Armonk, NY, USA). 
Significant differences between individual means 
were identified using Tukey’s multiple-range test. 
Differences were considered statistically significant at 
P<0.05. 

Results 

The effects of GRP and TNP supplementation 
on the nutritional composition of the alfalfa silage are 
presented in Table 2.  These results suggest that the 
silage additives evaluated in this study did not 
produce statistically significant differences with 
respect to EE, CA, CF, ADF, NDF, and ADL content in 
alfalfa silage compared with Control (P>0.05).  The CP 
values in the silage samples supplemented with GRP 
exhibited a notable increase compared to both 
Control and TNP-supplemented samples (P<0.05). 
However, WSC levels were statistically higher in the 
TNP-treated silage than in the GRP-treated silage and 
Control (P<0.05). 

Table 2 Effects of GRP and TNP supplementation on the chemical composition of alfalfa silage 

Parameters (%)* 
Silage Additives 

P 
Control GRP TNP 

CP 21.93±0.96ab 23.82±1.43a 21.72±0.90b 0.022 

EE 3.80±0.48 4.57±0.89 4.88±1.81 0.368 

CA 13.06±0.61 12.68±1.79 11.25±1.45 0.133 

WSC 1.68±0.08b 2.06±0.15b 2.59±0.46a 0.001 

ADF 19.42±1.08 18.82±1.16 19.32±0.87 0.632 

NDF 27.45±1.96 29.07±1.62 28.22±0.96 0.300 

ADL 6.98±1.60 7.46±1.86 5.05±0.85 0.058 

CF 12.44±2.65 11.35±2.65 14.27±0.47 0.144 

Results are given on a dry matter basis, *GRP: Grape Pulp, TNP: Tangerine Pulp, CP: Crude Protein, EE: Ether Extract, CA: Crude Ash, WSC: Water Solvable 
Carbohydrates, ADF: Acid Detergent Fiber, NDF: Neutral Detergent Fiber, ADL: Acid Detergent Lignin, CF: Crude Fiber. 
a–b Means in the same row followed by different superscript letters are significant difference (P<0.05). 

 
The effects of GRP and TNP supplementation 

on alfalfa silage quality parameters are presented in 
Table 3. The present study revealed that DM and CO2 
values were unaffected by silage additives (P>0.05). 

Conversely, the use of silage additives resulted in a 
significant reduction in pH levels compared with 
Control (P<0.001). Additionally, the silage additives 
led to a noteworthy enhancement in the Fleig score 
values when compared to the alfalfa silage samples in 
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Control (P<0.001). 

Table 3 Effect of GRP and TNP supplementation on DM, pH, Fleig Score and CO2 values of alfalfa silage. 

Parameters* 
Silage Additives 

P 
Control GRP TNP 

DM % 19.750.51 19.300.29 19.130.34 0.067 

pH 6.06±0.16a 5.23±0.11b 5.36±0.17b 0.000 

Fleig Score 2.15±5.65b 34.6±3.92a 29.0±6.58a 0.000 

CO2, g/Kg 31.5±15.9 25.8±10.6 27.2±2.17 0.760 

*GRP: Grape Pulp, TNP: Tangerine Pulp, DM: Dry Matter. 
a–b Means in the same row followed by different superscript letters are significant difference (P<0.05).  

 
The fermentation profiles of the alfalfa silages 

enriched with GRP and TNP are presented in Table 4.  
According to these findings, silage additives did not 
exert a statistically significant influence on propionic 
acid levels in the alfalfa silage samples (P>0.05). In 
contrast, butyric, valeric, and isobutyric acid levels 
exhibited a notable response to GRP and TNP 
treatments in the alfalfa silage (P<0.05). Similarly, 

acetic acid levels in the GRP- and TNP-treated groups 
were significantly lower, whereas lactic acid levels 
were higher in the same groups than in Control 
(P<0.001).  TNP supplementation led to the most 
pronounced increase in lactic acid levels compared 
with Control and GRP-supplemented silage samples. 
Furthermore, the inclusion of TNP resulted in the 
lowest butyric acid levels among all treatments in this 
study. 

Table 4 Effect of GRP and TNP supplementation on fermentation profiles of alfalfa silages. 

Parameters (%)* 
Silage Additives 

P 
Control GRP TNP 

Butyric Acid 0.17±0.04a 0.21±0.05a 0.08±0.01b 0.003 

Propionic Acid 0.07±0.02 0.06±0.01 0.05±0.01 0.141 

Acetic Acid 1.08±0.23a 0.30±0.05c 0.73±0.17b <0.001 

Lactic Acid 6.01±0.20b 6.80±0.45a 7.07±0.21a <0.001 

Valeric Acid 0.040±0.000b 0.041±0.001a 0.040±0.000b 0.007 

Isobutyric Acid 0.057±0.003a 0.052±0.002b 0.049±0.001b 0.002 

Results are given on a dry matter basis, *GRP: Grape Pulp, TNP: Tangerine Pulp 
a–b Means in the same row followed by different superscript letters are significant difference (P<0.05).  

 
The effects of GRP and TNP supplementation 

on the microbiological values of the alfalfa silage are 
presented in Table 5. The results indicated that 
Clostridium and lactic acid bacterial populations were 
not significantly affected by supplementation 
(P>0.05). In contrast, GRP (3.13) and TNP (0.00) 
supplementation resulted in fewer Enterobacteria 
colonies in the medium than Control (7.65) (P<0.001). 
Furthermore, yeast-mold colonies were significantly 
reduced in the alfalfa silage samples supplemented 
with TNP compared to both Control and GRP-treated 
silage samples (P<0.05). 

Discussion 
 

In the present study, the silages 
supplemented with GRP exhibited the highest levels 

of CP. Similarly, Bulut et al. (2023) also observed an 
increase in CP levels in sorghum-sudan grass silages 
supplemented with grape pulp, albeit not statistically 
significant, but evident in numerical terms, at various 
inclusion rates ranging from 10% to 40%. Similarly, in 
a study conducted by Li et al. (2017), the CP content 
of sweet sorghum silage treated with a combination 
of 10-15% grape pulp and lactic acid bacteria 
inoculant was higher than that of groups that were 
not supplemented with grape pulp. These results 
could be attributed to the inhibitory effect of 
polyphenols present in grapes on the proteolytic 
enzyme activity of bacteria in silages. This inhibition 
may lead to an improvement in the utilization of silage 
nitrogen content, resulting in higher levels of crude 
protein in the treated samples (Ke et al., 2015; Li et 
al., 2017). Moreover, WSC levels were significantly 
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higher in TNP-treated silage and GRP-treated alfalfa 
silage, not statistically but numerically. Similar to our 
findings, other researchers have also observed that 
by-products of grape pulp (Canbolat et al., 2010) and 
citrus fruits (Tao et al., 2021) were added to their 

products to increase the WSC values.  It has been 
previously reported that citric acid suppresses the 
growth of undesirable microorganisms, which may 
affect the utilization of WSC by these bacteria (Tao et 
al., 2021). 

Table 5 Effect of GRP and TNP supplementation on microbiological values of alfalfa silage. 

Parameters (log10 cfu/g of FM)* 
Silage Additives 

P 
Control GRP TNP 

Clostridia 6.30±0.86 6.52±1.16 6.54±0.65 0.841 

Enterobacteria 7.65±0.28a 3.13±0.46b 0.00c <0.001 

Lactic acid bacteria 6.25±0.69 6.95±0.16 6.72±0.70 0.673 

Yeast-Mold +++ +++++ +  

*GRP: Grape Pulp, TNP: Tangerine Pulp, FM: Fresh Matter, +: indicator of growing density  

a–c Means in the same row followed by different superscript letters are significant difference (P<0.05

In the present study, it was noted that the 
incorporation of silage additives led to a reduction in 
the pH levels of alfalfa silage when compared to 
Control. An investigation conducted on alfalfa silages 
demonstrated that pH levels decreased at both 0 and 
5 d after air exposure as grape pulp levels increased 
(Canbolat et al., 2010). Similarly, Li et al. (2017) found 
that the final pH of sweet sorghum silage decreased 
with both 10% GRP and lactic acid bacteria 
supplementation compared with Control. Moreover, 
investigations carried out on Marandu grass silage 
(Bernardes et al., 2005), untreated lucerne (Besharati 
et al., 2022), and elephant grass silage (Gomes et al., 
2017) demonstrated that the introduction of citrus 
pulp or its by-products resulted in decreased pH levels 
compared with Control. Both grapes and citrus fruits 
contain soluble sugars that act as substrates for lactic 
acid bacteria. SE On the other hand, in some 
situations, the buffering capacity of alfalfa might 
hinder the decrease in pH, even when a sugar source 
is added. Bulut et al. (2023) reported that both white 
and black grape pulp supplementation increased pH 
levels in sorghum sudan grass silage compared with 
silage samples without supplementation.  

The Fleig score is an indicator of fermentation 
quality and preservation of alfalfa silage, and a higher 
Fleig score is associated with good preservation and 
enhanced silage fermentation (Gao et al., 2021). In 
the current study, the untreated alfalfa silage samples 
had the lowest Fleig score values (2.15±5.65) 
compared to the silage samples treated with GRP 
(34.6±3.92) and TNP (29.0±6.58). This result was 
consistent with that of Gao et al. (2021), who 
documented that the Fleig scores of alfalfa silages 
were elevated in samples treated with various 
carbohydrate sources, including pectin, starch, 

molasses, and fructose. Similarly, another 
investigation of raw lucerne silages observed an 
increase in Fleig score values with varying 
substitutions of lemon pulp (Besharati et al., 2022). 
The Fleig score exhibits a negative correlation with pH 
and a positive association with the DM content of the 
silage (Gao et al., 2021). Lower pH levels in the 
treatment groups could be the reason for the higher 
Fleig scores. 

Butyric acid is an important indicator of silage 
quality and the fermentation process (Tao et al., 
2021). In the current study, the silage samples in 
Control exhibited a butyric acid level of approximately 
0.17% in DM, whereas samples with GRP addition had 
a level of approximately 0.21% in DM, and those 
supplemented with TNP had a level of 0.08% in DM. 
Moreover, isobutyric acid levels decreased in the 
treated silages. Butyric acid levels of approximately 
%0.5 and %1 are acceptable for legume silages with 
lower than %30 DM (Kung et al., 2018). In our study, 
the application of TNP significantly decreased butyric 
acid levels in ensiled alfalfa compared with Control 
and GRP. Similar to our results, another study 
conducted on Napier grass silage showed a decrease 
with the addition of citric acid residue at 45 days of 
ensiling (Tao et al., 2021).  Rapid production of lactic 
acid could result in the inhibition of clostridial 
fermentation, specifically the formation of butyric 
acid in silage, which is attributed to the heightened 
osmotic pressure and reduced pH levels (Kung et al., 
2018). Conversely, the levels of butyric acid were 
elevated in silage samples supplemented with GRP, in 
contrast to the TNP group. Grape pulp naturally 
contains yeasts (Zott et al., 2010). Higher pH levels 
and an extended fermentation process, resulting from 
the absence of antifungal organic acids, may prove 
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inadequate in suppressing yeast proliferation within 
silage, consequently leading to an increase in silage 
temperature (Kung et al., 2018). Elevated 
temperatures may trigger a shift in the end-product 
from acetate to butyrate during the fermentation 
process of food and feed (Wang et al., 2020). This 
observation could potentially explain the higher 
presence of butyric acid, coupled with an elevated 
yeast population and reduced acetic acid levels in the 
alfalfa silages supplemented with GRP, compared to 
Control and TNP groups.  

In the present study, both treatments led to 
elevated levels of lactic acid while concurrently 
suppressing acetic acid levels in alfalfa silage, 
compared to Control. The levels of WSC in fruit pulp 
facilitate the proliferation of lactic acid bacteria, 
leading to an increase in lactic acid production in the 
silage (Canbolat et al., 2010). Numerous studies have 
demonstrated elevated lactic acid levels in various 
silages treated with citrus (Besharati et al., 2022; 
Gomes et al., 2017) and grape pulp (Canbolat et al., 
2010; Ke et al., 2015). Acetic acid is an important 
volatile acid in silage owing to its inhibitory effect on 
yeast proliferation and its capacity to enhance aerobic 
stability when the silage is exposed to air (Kung et al., 
2018). In the present study, acetic acid levels were 
diminished in the treatment groups compared to 
Control. Furthermore, a study focusing on various 
levels of citric acid residue-treated Napier grass silage 
showed a reduction in the acetic acid content (Tao et 
al., 2021). Similarly, Bulut et al. (2023) reported lower 
acetic acid levels in Sudan grass silage supplemented 
with 40% GRP. The higher acetic acid content in 
Control could be attributed to undesired bacterial 
activity, potentially stemming from elevated pH levels 
in these silages (Tao et al., 2021). 

In the current study, yeast levels were 
significantly higher in GRP-treated silage than with 
GRP compared Control and TNP-treated silage. This 
observation is supported by the findings of Ke et al. 
(2015), who reported a greater number of yeast 
colonies in alfalfa silage treated with GRP. 
Furthermore, the lowest yeast levels in alfalfa silage 
were observed in TNP-treated silage. Similar to our 
results,  Ke et al. (2017) demonstrated that treating 
alfalfa silage with 0.1% citric acid resulted in a 
decrease in yeast population. As previously stated, 
grapes can naturally contain yeasts. Additionally, 
higher pH and lower acetic acid levels in silage can 
contribute to the proliferation of yeast (Kung et al., 
2018). Enterobacteria, along with clostridial, yeast, 
and mold, constitute another group of undesirable 
bacteria that can lead to aerobic deterioration and 
subsequent nutritional losses (Tao et al., 2021). In the 

present study, both GRP- and TNP-treated alfalfa 
silage exhibited lower counts of Enterobacteria than 
Control. It has been reported that Enterobacteria are 
sensitive to pH levels below 5.0, which could elucidate 
the higher counts observed in Control (Bernardes et 
al., 2005). 

Conclusion 

Overall, post-ensiling alfalfa silages treated 
with both GRP and TNP showed improved 
fermentation quality. This improvement can be 
attributed to their capacity to lower pH levels by 
increasing lactic acid content, which may be linked to 
the WSC content in the fruit pulps. While GRP 
supplementation exhibited a more pronounced effect 
in preserving CP content, TNP-treated alfalfa silages 
demonstrated higher levels of WSC, lower 
concentrations of butyric acid, and a more effective 
inhibition of yeast-mold and Enterobacteria growth.  
This study demonstrated the efficacy of fruit pulp 
supplementation, particularly tangerine pulp 
supplementation, in improving the nutritional 
content and fermentation quality of alfalfa silage. 
These findings have implications for optimizing silage 
production practices, particularly in regions with 
abundant access to fruit-processing byproducts. 
Future research should further explore the nuanced 
interactions between fruit pulp composition and 
silage fermentation dynamics for more refined and 
tailored approaches to silage production. 
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