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Research Paper 
 

The polymorphism of leptin and thyroglobulin genes in Lai Sind and Lai Brahman cattle 
 

Chau HLQ, Tra TTT, Huong DT, Hang LTT, Dung DV. 
Online J. Anim. Feed Res., 14(3): 165-170, 2024; pii: S222877012400020-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.20  
 
Abstract 
The aim of this study was to investigate the single nucleotide 
polymorphisms (SNPs) present in intron 2 region of leptin (LEP) and 5’ 
untranslated region of thyroglobulin (TG5) genes in Lai Sind 
and Lai Brahman cattle populations raised in the Central Vietnam. For 
each cattle group, fifty hair root samples were collected and extracted 
genomic DNA. The LEP/Sau3AI and TG5/PsuI gene polymorphisms were 
analyzed using PCR-RFLP technique. The results showed that the SNPs of 

LEP/Sau3AI and TG5/PsuI were found in the both cattle groups. Three 
LEP/Sau3AI genotypes were detected, including LEPAA, LEPAB and LEPBB. 
All of investigated cattle carried TG5CT genotype. The Hardy-Weinberg 
equilibrium was reached in the both cattle populations for LEP/Sau3AI, 
but not for TG5/PsuI. The polymorphisms at these two loci were moderate in the both cattle populations. It can be 
concluded that the SNPs LEP/Sau3AI and TG5/PsuI can be used as genetic markers for molecular selection in these cattle 
groups. A selection program is needed to increase the frequency of TG5T allele in Lai Sind and Lai Brahman cattle groups 
to improve beef marbling score. 
Keywords: Cattle, Lai Brahman, Lai Sind, Leptin gene, Polymorphism, Thyroglobulin gene. 
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Research Paper 
 

Nutritional and chemical composition of sainfoin (Onobrychis viciifolia) accessions in 

mid-altitude of Soddo and Abeshgie Woredas of Ethiopia 
 

Abebe DG, Cherkos SD, Ejeta TT, Dejene M, Shignato TK and Geletu AS. 
Online J. Anim. Feed Res., 14(3): 171-184, 2024; pii: S222877012400021-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.21  
 
Abstract 
Sainfoin (Onobrychis viciifolia) is a perennial herbaceous leguminous 
forage crop with a high content of crude protein, palatability, nutritive 
value and non-bloating. It can be offered in the form of green forage, 
grazing pasture, hay, or silage. To mitigate the dry season feed shortage, 
the agronomic performance and chemical composition of sainfoin 
(Onobrychis viciifolia) accessions were studied in the mid-altitude of 
Soddo and Abeshgie Woredas of Garage Zone of Ethiopia. For the 
screening, five International Livestock Research Institute (ILRI) 
accessions (No 5708, 16006, 6582, 10558, and 10556) and four wild 
sainfoin accessions were collected from Worabe, Albazer, Meskan Dubo 
Tuto and Gibie river basin with morphological variation. They were 
subjected to initial screening followed by field trials for a period of fifteen 
months per session. Among the twenty-nine agronomic parameters (for 
screening purpose), based on the dendrogram results, fifteen data points were used for location wise (Buee and Tatesa) 
evaluation purposes. The results indicated that, with the exception leaf length, leaf width, and annual seed yield, all 
parameters were affected by the accession by location interaction. The highest (P<0.001) cumulative dry matter, seed 
yield, and crude protein (CP%) contents were recorded for Worabe sainfoin, ILRI 5708 and ILRI 16006, respectively. 
Lower (P<0.05) condensed tannin (CT) was recorded in ILRI 5708, Worabe’s and Albazer’s sainfoin without any significant 
difference. During the first 24-hour incubation period, the highest and least (P<0.001) gas were produced from ILRI 
16006 and Albazer, and ILRI 5708, respectively. The highest and least (P<0.001) methane gas was recorded from ILRI 
16006 and ILRI 5708 respectively. The results indicated that Worabe sainfoin was superior to the result in all evaluated 
parameters. So, Worabe sainfoin hay mixture with crop residues can be used to enhance the nutritional value of crop 
residue-based poor feed resources.  
Keywords: Agronomic performance, Alternative feedstuffs, Crude protein, Dry matter yield, Sainfoin accessions. 
 

[Full text-PDF]  

TABLE OF CONTENT 

 

 
 

https://dx.doi.org/10.51227/ojafr.2024.20
https://ojafr.com/main/attachments/article/175/OJAFR14(3)165-170,2024.pdf
https://dx.doi.org/10.51227/ojafr.2024.21
https://ojafr.com/main/attachments/article/175/OJAFR14(3)171-184,2024.pdf
https://search.crossref.org/
https://ojafr.com/main/images/stories/2024/330-leptin_and_thyroglobulin_genes.jpg
https://ojafr.com/main/images/stories/2024/GET01--1.jpg


e | P a g e 

 
Research Paper 
 

Effects of Mango leaf powder on reproductive hormones, oxidative stress markers, 

toxicity indicators, growth rate and carcass characteristics of guinea pig (Cavia 

porcellus) 
 

Mary Momo CM, Hervé T, Markhous Adam MT, Arthur Stella NC, Dorice AK, Adamou M, Fortune 

Magloire BE, Sorelle DN, Arius Baulland DN, and Ferdinand N. 
 
Online J. Anim. Feed Res., 14(3): 185-195, 2024; pii: S222877012400022-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.22  
 
Abstract 
The present work aimed to evaluate the effects of Mangifera indica leaf 
powder (MLP) on reproductive hormones, biomarkers of oxidative stress 
and toxicity, growth and carcass characteristics of female Cavia 
porcellus. 40 female guinea pigs (Cavia porcellus L.) aged 2 months with 

an average weight of 257.65±11.28 g were used. These guinea pigs 
were weighed, then randomly divided into 4 groups of 10 animals each 
and subjected to the following rations: T0 (basic diet), T1, T2 and T3 
(basic diet + 0.50; 0.75 and 1% MLP, respectively). For 45 days, the 
guinea pigs of all groups received ad libitum drinking water and the 
corresponding experimental rations. Reproductive hormones analyses 
showed a significant (P<0.05) rise in serum progesterone concentration 
in the highest dose of MLP-treated guinea pigs. Malondialdehyde level 
was lowest in guinea pigs given feed with the highest dose of MLP while 
superoxide dismutase and catalase activities were maximum in animals 
that received the highest doses of MLP. Total Peroxidase activity was 
greatest in animals fed with the higher MLP dose. The lowest level of cholesterol was noticed in the group that received 
the greatest dose of MLP. Feed consumption was higher in guinea pigs receiving 0.75% and 1% MLP. The body weight 
gain and average daily gain had higher values in the subjects fed with MLP feed than those of the control group. Feed 
efficiency values were improved in animals that that were given 0.5% and 1% MLP with regards to those fed without MLP, 
the length of small intestine was higher (P<0.05) in 0.75% MLP-treated animals than the other groups, while the greatest 
value for the density of big intestine was recorded in those that received 0.25% MLP. Based on these values (1% of diet 
as optimum level), MLP can be used in feed to improve animal production performance. 
Keywords: Antioxidant, Average weight, Mangifera indica, Oxidative stress, Reproductive hormones.  
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Research Paper 
 

Effect of climate variables on poultry production efficacy in Nigeria 
 

Osuji E, Ahamefule B, Ben-Chendo G, Osuji M, Nwose R, Eleazar A, Opaluwa H, Ukoha I, Nwaiwu 

I, Ajibade Y, Opeyemi G, Ibeagwa O, Tim-Ashama A, Offor E, Nwachukwu E, Anyanwu U, Anyiam 

K, and Iwezor-Magnus D.  
 
Online J. Anim. Feed Res., 14(3): 196-203, 2024; pii: S222877012400023-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.23  
 
Abstract 
The paper examined the effect of climate variables on poultry production 
efficacy in Nigeria with emphasis on broilers and layers. Multi-stage 
sampling was used to select 401 poultry farmers who provided useful 
information with the aid of a questionnaire. Data were analyzed using 
descriptive statistics, and logit regression model. Result shows that free 
range accounted for 22.7%, battery cage 11.2%, deep litter 54.6%, and 
semi-free range 11.5% were notable systems of poultry rearing in the 
state. Heat stress 75.1%, reduced egg 99.8% and meat production 
88.5%, and reduction in quality of eggs 51.9% were some of the climate 
change effects on poultry production. Adaptation strategies of poultry 
farmers include; proper housing system 100%, proper feed formulation 
99.8%, right stocking density 96.8% and adequate water and feed 
supply 82.8%. Age, education, off-farm activities, size of poultry pen and 

poultry farming experience were important adaptation determinants of poultry farmers to climate change. High price of 
feed 100%, lack of access to credit services 77.1%, disease outbreak and parasites 100% and high cost of poultry inputs 
99.5% constrained poultry farming. The study concludes that climate variable affects poultry farming. Farmers were 
recommended to practice climate smart poultry production to mitigate adverse effects. 
Keywords: Climate Change, Farm Efficacy, Poultry Farmers, Poultry Production 
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Research Paper 
 

Effect of dietary supplementation of coriander seed (Coriandrum sativum l.) On gut 

morphology in broiler chickens 
 

Khubeiz MM, Algriany OA, Elmghirbi WM, Bilkhayr GhR, Shirif AM. 
 
Online J. Anim. Feed Res., 14(3): 204-210, 2024; pii: S222877012400024-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.24  
 
Abstract 
Several herbal plants have demonstrated remarkable efficacy in 
modulating the morphology of the gut, leading to improved nutrients 
absorption, enhanced growth, and reduced susceptibility to 
diseases.  Aim of this study was to investigate the effects of different 
levels of coriander seed powder (CSP; 0% as T1, 1.5% as T2 and 3.5% 
as T3) in modulating of broiler chickens gut morphology. A total of 180 
one-day-old broiler chicks were randomly allocated into 3 treatment 
groups 60 chick/group in 3 replicates. The trial was designed according to 
a completely randomized design for 45 days. The histomorphology of 
duodenum, jejunum and ileum [villus height (VH), villus width, crypt 
depth (CD) and villus height to crypt depth; VH:CD ratio] were 
investigated. The result showed a significant increase (P<0.01) of villus 
height in two treatments (1.5% and 3.5%) as compared to control in all 
segments. Moreover, the significant increase (P<0.01) on VH:CD ratio is 
observed between treatments as compared to control in ileum and 
dietary use of 3.5% CSP had significant effects on the jejunum and duodenum as compared to the control group. In 
conclusion, the application of CSP at 1.5% and 3.5% had a positive effect on villus height and VH:CD ratio of all 
segments. However, further research is required to understand the precise mechanisms underlying medicine plant effects 
as well as what the ideal percentage for each plant will be added for a best positive effect on performance. 
Keywords: Broiler chicken, Coriander Sativum, Gastrointestinal functions, Gut Morphology Herbal additives.  
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Case Report 
 

Urachus anomaly in sheep: Incidence and considerations presented in neonatal lambs 

in the Peru 
 

Carhuas JN, Napoleon MS, Villar FA, Garcia-Olarte E, Eulogio CQ, Mauricio-Ramos Y, and Payano 

IU. 
Online J. Anim. Feed Res., 14(3): 211-217, 2024; pii: S222877012400025-14 
DOI: https://dx.doi.org/10.51227/ojafr.2024.25  
 
Abstract 
Over the years, an anomaly has been observed in newborn lambs, 
manifesting itself as a curvature in their posture and a slight dampness in 
the navel, known by the locals as "pupote". For this reason, the present 
study was carried out to document and present for the first time to the 
scientific community an anomaly of the urachus in sheep and its 
incidence. In the sampling process, five lambs who died of starvation 
were selected. The specimens were transported to the Animal Health 
Laboratory of the Faculty of Zootechnics of the National University of 
Central Peru. Radiographic analyses were carried out there. Then the 
incidence was found in the collected records. The incidence of the 
anomaly is an average of 0.825±0.09%. This case highlights the 
persistence of urachus in newborn lambs, evidenced by the identification 
of a ligament that establishes a connection between the umbilicus and the liver. Specifically, the ligament identified in the 
described anomalies corresponds to the ligamentum teres. 
Keywords: Congenital disease, Ligament of the liver, Pupote, Sheep breeding, Urachus.  
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ABSTRACT: The aim of this study was to investigate the single nucleotide polymorphisms (SNPs) present in 

intron 2 region of leptin (LEP) and 5’ untranslated region of thyroglobulin (TG5) genes in Lai Sind 

and Lai Brahman cattle populations raised in the Central Vietnam. For each cattle group, fifty hair root 

samples were collected and extracted genomic DNA. The LEP/Sau3AI and TG5/PsuI gene polymorphisms 

were analyzed using PCR-RFLP technique. The results showed that the SNPs of LEP/Sau3AI and TG5/PsuI 

were found in the both cattle groups. Three LEP/Sau3AI genotypes were detected, including LEPAA, LEPAB and 

LEPBB. All of the investigated cattle carried TG5CT genotype. The Hardy-Weinberg equilibrium was reached in 

the both cattle populations for LEP/Sau3AI, but not for TG5/PsuI. The polymorphisms at these two loci were 

moderate in the both cattle populations. It can be concluded that the SNPs LEP/Sau3AI and TG5/PsuI can be 

used as genetic markers for molecular selection in these cattle groups. A selection program is needed to 

increase the frequency of TG5T allele in Lai Sind and Lai Brahman cattle groups to improve beef marbling 

score. 

Keywords: Cattle, Lai Brahman, Lai Sind, Leptin gene, Polymorphism, Thyroglobulin gene.  
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INTRODUCTION   
 

Beef has been the third most consumed meat worldwide after poultry and pork. The beef consumption ‎per person in 

Vietnam amounted to about 8.73 kilograms in 2023, and was forecast to increase to 9.6 ‎kilograms per capita annually 

(Statista Research Department, 2023). The Vietnamese yellow cattle is an ‎indigenous breed well adapted to tropical 

condition and poor nutrition. However, the disadvantages of ‎this cattle breed were small size, low carcass and milk yield. 

In Vietnam, from the 1960s to ‎‎1970s, with the implementation of the program of “Red-Sindhization” and afterward of 

“Zebuization”, ‎the ratio of crossbred cattle was increased. Today, the two cattle groups of Lai Sind (a crossbred 

breed ‎between Red Sindhi bulls and local cows) and Lai Brahman (a crossbred breed between Brahman bulls ‎and local 

cows) have been used as dam lines for crossing with beef cattle to improve growth ‎performance and carcass yield in 

many provinces in Vietnam (Bang et al., 2022). 

Breeding values predicted by Best Linear Unbiased Prediction for selection economic indices have become widely 

applied in animal breeding over the last few decades. The discovery of genetic markers related to the phenotypic 

expression of particular traits -has raised hopes for successful animal breeding based on candidate genes. Advancements 

in genotyping technologies for single nucleotide polymorphisms (SNPs) at different loci in the genome to estimate the 

breeding values are the strong basis for marker-assisted selection (Binh, 2019). Most of the economically important traits 

in cattle are quantitative traits and environmental factors (Getaneh and Alemayehu, 2022). Until now, many scholars have 

identified great quantities of candidate genes associated with economically important traits in cattle, such as LEP, TG5, 

CAST-T1, Calpain 316-T2, Calpain 4751-T3 (De Carvalho et al., 2012; Sedykh et al., 2016; Coria et al., 2018).  

The leptin (LEP) gene is located on chromosome 4 in cattle (Pomp et al., 1997). It consists of three exons separated 

by two introns. The exon 1 and four nucleotides of exon 2 are not translated. The remaining part of exons 2 and 3 are 

translated into the functional 16kDa leptin protein of 146 amino acids (Haruna et al., 2020). Leptin hormone is produced 

by adipose tissue and the small intestine, plays an important role in lipid accumulation, and regulates the energy balance 

by suppressing hunger, resulting in the reduction of fat in adipocytes (Al-hussaniy et al., 2021). Many study results also 

found leptin roles in regulating body mass, reproductive and immune functions (Santos-Alvarez et al., 1999; Kadokawa et 

al., 2000; Block et al., 2001).  

The SNP LEP/Sau3AI (g.1926C>T) in intron 2 region was changed the amino acid at position 2059 of the chain 

protein from arginine to cysteine (Moravčíková et al., 2012; Trakovická et al., 2013; Putra et al., 2019). This SNP has been 

used as molecular marker for selection many economically traits in cattle, such as milk yield (Moravčíková et al., 2012; 

Trakovická et al., 2013), reproductive performance (Moussavi et al., 2006; Öner et al., 2017; Ferchichi et al., 2018), body 
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weight (Almeida et al., 2003; Nobari et al., 2010; Hussain et al., 2017), fat percentage (Sedykh et al., 2016) and feed 

intake (Liefers et al., 2002).  

Thyroglobulin is a glycoprotein hormone synthesized in thyroid follicular cells. It is a precursor of triiodothyronine (T3) 

and thyroxine (T4) hormones, playing an important role in metabolic regulation and can influence adipocyte development, 

differentiation and adipose tissue homeostasis (Ailhaud et al., 1992; Casas et al., 2005). Also, Mears et al. (2001) 

demonstrated that both T3 and T4 are involved in fat marbling in Japanese black cattle. Findings of Barendse et al. 

(2004) indicated that the SNP TG5/PsuI (g.422C>T) had been associated with marbling in cattle. The SNP TG5/PsuI has 

been used for genetic markers for selection marbling index (Barendse, 1999; Barendse et al., 2004; Casas et al., 2005), 

fat percentage (Sedykh et al., 2016) and backfat thickness (Gan et al., 2008; Mears et al., 2001; Moore et al., 2003) in 

some beef cattle breeds. 

The aim of this study was to identify the LEP/Sau3AI and TG5/PsuI gene polymorphism of Lai Sind and Lai Brahman 

cattle. The study result could aid in the marker-assisted selection program to improve productivity and beef quality. 

 

MATERIALS AND METHODS 

 

Sample collection and genomic DNA extraction 

A total of 100 hair follicle samples was collected from Lai Sind and Lai Brahman cattle (n=50) raised in Quang Ngai 

province, Vietnam (Latitude: 1432’-1525’ North, Longitude: 10806’- 10904’ East). The samples were kept 

separately in a plastic bag and transported to the Laboratory of Molecular Biology, College of Agriculture and Forestry, 

Hue University. For increasing DNA extraction efficiency, the hair follicles were homogenized in the lysis buffer within 5 

minutes using Bullet blender (Next Advance, USA). The further steps were followed the kit manufacturer’s instruction. 

Nanodrop system (Thermo Scientific, USA) was used for DNA quantity and quality measurement. The research protocol 

was approved by the Scientific Committee of Hue University dated 30th September 2021, Decision No: 1472/QĐ-DHH. 

 

Leptin and Thyroglobulin gene polymorphism analysis 

The intron 2 fragment of LEP gene and the TG5 gene were amplified by polymerase chain reaction (PCR) technique.  

Following specific primers described by Barendse (1999) and Liefers et al. (2022) were used in this study, including: LEPF: 

5’-TGGAGTGGCTTGTTATTTTCTTCT-3’; LEPR: 5’-GTCCCCGCTTCTGGCTACCTAACT-3’; TG5F: 5’-GGGGATGACTACGAGTATGACTG-

3’; TG5R: 5’-GTGAAAATCTTGTGGAGGCTGTA-3’. The PCR reaction was performed in PCR thermal cycler 

(Axygen® MaxyGene™) in a total volume of 20μL containing 50ng genomic DNA, 1.25µM of each primer, 200M dNTP, 

1× PCR buffer, and 0.75 unit Taq polymerase (Solgent, Korea). The optimized cycling conditions consisted of an initial 

denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 40 sec, 40 sec for primer annealing at 

62°C (for LEP gene) or 55°C (for TG5 gene), extension at 72°C for 40 sec, and a final extension at 72°C of 7 min (for LEP 

gene) or 10 min (for TG5 gene). About 8μL of PCR products were electrophoresed on a 2.0% agarose gel with 6× GelRed 

(ABT, Vietnam) and then was analyzed using Gel DocTM XR+ (Bio Rad, USA). The LEP or TG5 gene amplification was 

restricted by Sau3AI or PsuI endonucleases, respectively. The restriction reaction mixture of 12 μL containing 10 μL of 

PCR product, 1x buffer and 3 units of restriction enzyme was digested at 37°C overnight. The number and lengths of the 

restriction fragments were determined by 2%-agarose gel electrophoresis, 6× GelRed staining and UV-visualization, then 

analyzed by gel-documentation.  

 

Statistical analysis 

Genotypic frequency, allele frequency, expected heterozygosity (He), observed heterozygote (Ho) were calculated 

based on Nei and Kumar (2000). Polymorphic informative content (PIC) was calculated as Roychoudhury and Nei (1988). 

Chi-squared (χ2) was used to test for Hardy-Weinberg equilibrium. 

 

RESULTS AND DISCUSSION 

 

Polymorphism of LEP/Sau3AI gene in cattle 

The 422bp fragment of LEP gene was amplified from genomic DNA of the two cattle populations and digested with 

restriction enzyme Sau3AI. Three genotypes of LEP/Sau3AI gene were detected in Lai Sind and Lai Brahman cattle, 

included LEPAA (390 and 32 bp), LEPAB (390, 303, 88 and 32 bp), and LEPBB (303, 88 and 32 bp) (Figure 1). The observed 

allelic frequencies of LEPA ranged from 0.64 to 0.67, higher than those of LEPB allele (0.33-0.36) (Table 1). This result 

agrees with the previous reports in various cattle populations (Sharifzadeh and Doosti, 2010; Jecminkova et al., 2016; 

Hussain et al., 2017). In the Lai Sind cattle population, the observed frequency of LEPAA genotype was highest, followed by 

LEPAB and LEPBB genotypes. Meanwhile, the observed genotypic frequencies of LEPAA and LEPAB were similar in Lai 

Brahman cattle group. Only 7/50 investigated Lai Brahman cattle had LEPBB genotype. Some study results on LEP gene 

polymorphisms in other cattle breeds also indicated that LEPAA and LEPAB were two main genotypes (Nassiry et al., 2008; 
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Hussain et al., 2017). According to Trakovická et al. (2013), the SNP LEP/Sau3AI had a significant impact on milk yield 

and first calving age. The highest milk yield, protein and fat content in milk and the lowest age at first calving associated 

with LEPAA genotype cows. The authors also indicated that the highest age at first calving was found in the LEPAB genotype 

cattle (Trakovická et al., 2013), but the lowest milk production was observed in the LEPBB genotype cows. However, the 

cattle carrying LEPBB genotype had superior growth ability (Yang et al., 2007). 

The expected genotypic frequencies of three genotypes in the both cattle populations were also calculated based on 

the Hardy-Weinberg formulas. The expected genotypic frequencies of LEPAA and LEPBB were similar in Lai Sind cattle group 

(Table 1). Meanwhile, the expected genotypic frequency of LEPAB was higher than those of LEPAA and LEPBB. The expected 

frequency for LEPBB genotype was lowest in the both investigated cattle populations. The calculated Chi-squared test 

values in Table 1 indicated that LEP/Sau3AI gene polymorphism in the both cattle populations were in Hardy-Weinberg 

equilibrium (χ23.84). The polymorphism of the LEP/Sau3AI gene was moderate (0.25<PIC<0.50) in the both cattle 

populations. Therefore, LEP/Sau3AI polymorphism can be used as molecular selection in these cattle groups. 

 

Polymorphism of TG5/PsuI gene in cattle 

The genotypes of TG5/PsuI gene consisted of TG5CC (295, 178 and 72 bp), TG5CT (473, 295, 178 and 72 bp), and 

TG5TT (473 and 72 bp; Anwar et al., 2017). All surveyed cattle carried TG5CT genotype (Table 2). Therefore, the allelic 

frequencies of TG5C and TG5T were equal. The representative result of PCR-RFLP analysis TG5/PsuI was shown in Figure 

2. On the basis of the Hardy-Weinberg equation, the expected frequency of TG5CT genotype in both crossbred cattle groups 

were 0.5. The expected heterozygosity coefficient (He) was lower than the observed heterozygosity coefficient (Ho) in the 

both cattle groups. The χ2 value in Table 2 indicated that Hardy-Weinberg equilibrium was not reached in these two cattle 

populations for this investigated locus (χ2 > 3.84). The PIC value of the TG5/PsuI gene in both cattle groups was 0.38, 

indicating that the level polymorphism in genetic marker was moderate. Therefore, TG5/PsuI gene polymorphism can be 

used as molecular selection to improve the productivity and meat quality in Lai Sind and Lai Brahman cattle. 

In Hereford and Limousine breeds, Sedykh et al. (2016) indicated that the cattle had significant potential for 

increased beef taste and nutritional qualities associated with a high proportion of desirable TG5TT genotype. Also, Casas et 

al. (2005) reported the increase in fat yield in cattle carried TG5TT genotype. Meanwhile, some authors reported that TG5CC 

genotype cattle had tendency increase pre-slaughter live weight, hot carcass yield, carcass output, dressing weight and 

slaughter yield (De Carvalho et al., 2012; Sedykh et al., 2016).  

Dolmatova et al. (2020) indicated a clear tendency of an effect of the TG5 genotype on milk productivity in dairy 

cattle. Cows with the TG5TT genotype had the highest milk yield and fat content in milk (Dolmatova et al., 2020), and had 

significantly higher lipid content in the loin muscle (Thaller et al., 2003) than the TG5CT or TG5CC genotypes. The TG5TT 

genotype was the only genotype that showed differences in the distribution of marbling, increasing marbling in beef 

(Burrell et al., 2004).  

 

 

 
Figure 1 - LEP/Sau3AI genotypes in cattle 

 

 
Figure 2 - Result of PCR-RFLP analysis TG5/PsuI in 

cattle 
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Table 1 - Genotypic and allelic frequency of LEP/Sau3AI gene in Lai Sind and Lai Brahman cattle (n=50) 

Cattle population 

Observed genotypic 

frequency 

Observed 

allelic 

frequency 

Expected genotypic 

frequency 
Ho He PIC 

HWE 

(χ2) 

AA AB BB A B AA AB BB     

Lai Sind 0.50 0.34 0.16 0.67 0.33 0.45 0.44 0.11 0.34 0.44 0.34 2.67* 

Lai Brahman 0.42 0.44 0.14 0.64 0.36 0.41 0.46 0.13 0.44 0.46 0.35 0.10* 

Ho: observe heterozygosity; He: expected heterozygosity; PIC: polymorphic informative content; HWE: Hardy-Weinberg Equilibrium; χ2: Chi-

square value; *genetic equilibrium (χ2  3.84), P < 0.05. 

 
 

Table 2 - Genotypic and allelic frequency of TG5/PsuI gene in Lai Sind and Lai Brahman cattle (n=50) 

Cattle 

population 

Observed genotypic 

frequency 

Observed 

allelic 

frequency 

Expected genotypic 

frequency 
Ho He PIC 

HWE 

(χ2) 

CC CT TT C T CC CT TT     

Lai Sind 0 1.00 0 0.50 0.50 0.25 0.50 0.25 1.00 0.50 0.38 50.00 

Lai Brahman 0 1.00 0 0.50 0.50 0.25 0.50 0.25 1.00 0.50 0.38 50.00 

Ho: observe heterozygosity; He: expected heterozygosity; PIC: polymorphic informative content; HWE: Hardy-Weinberg Equilibrium; χ2: Chi-

square value. P < 0.05. 

 
 

CONCLUSION  

 

It can be concluded that the polymorphisms in LEP/Sau3AI and TG5/PsuI genes were observed in Lai Sind and Lai 

Brahman cattle populations. The allelic frequency of LEPA was higher than LEPB in both cattle populations. All of 

investigated cattle had TG5CT genotype. The Hardy-Weinberg equilibrium was reached in the both cattle populations for 

LEP/Sau3AI, but not for TG5/PsuI. The SNPs LEP/Sau3AI and TG5/PsuI can be used as candidate genes for molecular 

selection in these cattle groups. A selection program is needed to increase the frequency of TG5T allele in Lai Sind and Lai 

Brahman cattle groups to improve beef marbling score. 
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ABSTRACT: Sainfoin (Onobrychis viciifolia) is a perennial herbaceous leguminous forage crop with a high 

content of crude protein, palatability, nutritive value and non-bloating. It can be offered in the form of green 

forage, grazing pasture, hay, or silage. To mitigate the dry season feed shortage, the agronomic performance 

and chemical composition of sainfoin (Onobrychis viciifolia) accessions were studied in the mid-altitude of 

Soddo and Abeshgie Woredas of Garage Zone of Ethiopia. For the screening, five International Livestock 

Research Institute (ILRI) accessions (No 5708, 16006, 6582, 10558, and 10556) and four wild sainfoin 

accessions were collected from Worabe, Albazer, Meskan Dubo Tuto and Gibie river basin with morphological 

variation. They were subjected to initial screening followed by field trials for a period of fifteen months per 

session. Among the twenty-nine agronomic parameters (for screening purpose), based on the dendrogram 

results, fifteen data points were used for location wise (Buee and Tatesa) evaluation purposes. The results 

indicated that, with the exception of leaf length, leaf width, and annual seed yield, all parameters were 

affected by the accession by location interaction. The highest (P<0.001) cumulative dry matter, seed yield, 

and crude protein (CP%) contents were recorded for Worabe sainfoin, ILRI 5708 and ILRI 16006, respectively. 

Lower (P<0.05) condensed tannin (CT) was recorded in ILRI 5708, Worabe’s and Albazer’s sainfoin without 

any significant difference. During the first 24-hour incubation period, the highest and least (P<0.001) gases 

were produced from ILRI 16006 and Albazer, and ILRI 5708, respectively. The highest and least (P<0.001) 

methane gas was recorded from ILRI 16006 and ILRI 5708 respectively. The results indicated that Worabe 

sainfoin was superior to the result in all evaluated parameters. So, Worabe sainfoin hay mixture with crop 

residues can be used to enhance the nutritional value of crop residue-based poor feed resources.  
 

Keywords: Agronomic performance, Alternative feedstuffs, Crude protein, Dry matter yield, Sainfoin 

accessions. 
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INTRODUCTION   
 

In the crop-livestock mixed farming system of Ethiopia, livestock are subjected to crop residue over a long period of the 

year due to seasonal variation and diminished grazing land. Crop residues are poor in feed value to support production 

and reproduction processes (Mekuria and Mekonnen, 2018; Mekonnen et al., 2022). During the dry period, multipurpose 

perennial legume species enhance long term forage production and provide positive environmental effects such as 

improvement of soil fertility, reduction of erosion and control of nitrate leaching  (McCallum et al., 2004). In the past, the 

introduction of improved forage plants comprised the Ethiopian forage development strategies. However, this option did 

not bring the anticipated change because of the exotic forage species failed under the local environment and 

inappropriate technical practices (Mekoya et al., 2008). 

In Ethiopia, some indigenous legumes and browse species proved their availability and nutritive value at a time when 

feed is scarce or is of low quality (Salem et al., 2006). Unfortunately, most of the preferred and high quality indigenous 

legume species are under pressure (Chettri et al., 2009). Sainfoin is one of such indigenous legume species in the mid-

altitudes of Ethiopia, specifically, around Soddo Woreda. Sainfoin is a perennial forage and fodder legume, tolerant to 

varying climatic conditions and poor soil fertility, with high nitrogen fixing capacity. 

It represents a valuable pollen and nectar source for honey production. Although sainfoin is considered an important 

forage legume with high hay and pasture production potential (Bhattarai et al., 2018), information on agro-morphological 

and nutritional traits was lacking for Ethiopia. Hayot  et al. (2011) summarized the sainfoin taxonomy, biology, and 

agronomy mainly from European perspective but not inclusive in Equatorial as well as Sub Saharan region. Sainfoin is 

distributed in northern temperate regions of the world and more specifically in the eastern Mediterranean and Western 

Asia with an emphasis on Iran and Turkey (Yildiz et al., 1999; Irani et al., 2016) but did not indicate the Ethiopian 

potential for sainfoin. Therefore, the objective of this research was to evaluate sainfoin accessions using adaptability, 
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biomass yield, seed production and nutrient composition in the mid-altitude of Soddo and Abeshgie Woredas of Garage 

Zone. 

 

MATERIALS AND METHODS 

 

Description of the study area 

The initial establishment of sainfoin accessions was undertaken in Soddo Woreda of Guragie Zone while the 

agronomic performance of selected accessions was carried out both in Soddo and Abeshgie Woredas of Guragie Zone. 

The Soddo experimental location is found within the geographical location of 8.310 98’ to 8.310 99 ’N and 37.950 31’ to 

37.950 62 ’E while Abeshgie Woreda is found within 8.310 59 ’-8.310 62 ’N and 37.950 31 ’-37.950 62 ’E. Soddo has a 

mean annual temperature ranging from 10 to 25oC and receives between 801-1200mm rain falls. Soddo Woreda is 

located at 103km south of Addis Ababa, while Abeshgie is 150km from Addis Ababa in south-west direction. Abeshgie 

Woreda has an altitude range from 1500-2900m above sea level, with an annual mean temperature in the range of 13oC- 

25oC and a mean annual rainfall in the range of 1000–1500 mm  (Gugissa et al., 2022).     

 

Screening sainfoin accessions  

Five accessions from ILRI (International Livestock Research Institute) and four indigenous wild accessions with 

morphological variations were used as seed sources.  Land size of 25m × 25m from black soil color was demarcated at 

Buee Construction and Industrial Collage compound. The land was ploughed and loosened manually. Each of the 5 ILRI 

accessions without replication and each of the 4 wild accessions on five plots (1 plot per block) was sawn on prepared 

1m2 (0.5m×2m) plot of land with a border side of 12. 5 cm (8.5m × 14m net demarcated plot size).  During the wet 

season, on each plot, two parallel lines with a distance of 25cm were drawn for seed drilling. The space between blocks 

and plots was 1m and 0.5m respectively, as Alemayehu and Aklilu (2007). Seeds were dehulled and drilled at a depth of 

2cm (Liu, 2006). The scholars’ recommendations (Hume and Withers 1985; Shah et al., 1991 and Tufenkci et al., 2006)  

were applied for the conversion of available fertilizer into P2O5, N and K. To get the recommended types, 198.9kg ha-1 

NPSB and 121 kg ha-1 KCl for initial and 212kg ha-1 NPSB and 161kg ha-1 KCl for regrowth were used.  Plots were 

arranged using an Augmented Design.   

   

Data collection for screening  

Survival count was done on the 4th, 8th and 12th weeks after sowing, plant vigor, disease conditions, soil cover data, 

initial flowering date, date of 50% flowering, and plant height were recorded. Tiller number data until the first harvest, 

number of leaves per plant total stem, stem length, leaflet number, leaflet width, leaflet length, and the ratio of leaflet 

length to leaflet width data were collected. The leaf area was calculated using the formula used by Bianco et al. (2011). 

LA = 0.691156 × LWct + 0.3652754 × LWlt                       (1) 

Leaf area = The central leaflet length x width (LWct) + 0.3652754 x [(left lateral leaflets length + right lateral leaflets 

length) x width]. 

Before reaching the 75% flowering stage, the method of Tarawali (1995) was applied for partitioning ILRI accessions 

in drilled lines. When the plants were at 75% flowering stage as Goplen et al. (1991), all plants from randomly assigned 

partitions were cut at a height of 10-15 cm and taken as standard cut (Tarawali, 1995). According to the Tarawali (1995) 

method, mowed partitions were again divided into two equal portions for minimum precipitation season yield evaluation. 

Before harvest, at 7th and 12th weeks of the regrowth during minimum precipitation season evaluation, soil cover, % of 

green leaf, pest incidence severity status data were recorded again. On randomly half of the above partitions, at 7th 

weeks, regrowth harvest was carried out as Bhattarai et al. (2018). Then after the 7th week’s harvest, at 5th week, both the 

regrowth harvest and reserved halve were harvested independently, and these two were taken as the minimum 

precipitation season yield evaluation. The samples in every harvest season and week were weighted and sun - dried. Until 

reaching maximum precipitation season, data on diseases and coverage %, and vigor were repeatedly recorded. For 

maximum precipitation season evaluation, all randomly partitioned portions for biomass estimation including the border 

side were independently harvested just before maximum precipitation commenced. After border side demarcation 

(excluding the seed source part), all partitioned lines of the biomass estimation were divided equally into four for ILRI 

accessions and 2 parts for wild accessions. All four and the two partitions for ILRI and wild accessions, respectively from a 

single line were randomly assigned for 3rd and 15th, 6th and 15th, 9th and 15th and 12th and 15th week’s herbage regrowth 

harvest. All the seasonal cuts were measured, sun-dried bulked, and analyzed for DM yield. Based on the suggestion of  

(Carleton et al., 1968), within every 4 days gap, the seed was collected.  The biomass and seed yields from partitioned 

lines were extrapolated in to plot size and then in to hectares. As Tarawali (1995) suggestion, on the basis of  the first year 

result, four accessions that set seeds with better biomass yield were transferred to agronomic field experimentation. 

 

Land preparation and sowing methods for experimental establishment  

Based on herbage mass and seed yield results, ILRI 5708, ILRI 16006, and wild sainfoin collected from Worabe and 

Albazer were selected for experimental field trial.  Soil type, seed type, rate of fertilizer applications, sowing depth, and 
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spacing between plots and blocks were similar to that of the initial establishment work. Demarcated experimental land 

was ploughed repeatedly at both sites. An individual plot size of 6m2 (2m×3m) with a border side of 25 cm was used for 

seeding with seed rate (Cupina and Erid, 1999). Plots were prepared in 9 rows. On prepared rows, dehulled seeds were 

drilled and fertilizer was applied in the screening phase. Sowing season was carried out based on available soil moisture 

season (Ethiopian moisture availability condition June-July). Each accession was randomly replicated on 6 plots. The 4 

accessions were assigned to the plots in RCBD design with 6 replications. 

 

Experimental establishment data collection  

Biomass data was collected from randomly selected either left or right sides of each plot on 3 near sides’ central 

rows of each plot. The first herbage harvest was carried out on the 12th week after sowing, when the average flowering 

stage reached 50-75%. This harvest was taken as Standard Cut. After the Standard Cut, the two - times regrowth herbage 

harvest was undertaken at 50-75% flowering stage. These herbage harvests were taken as the minimum precipitation 

season evaluation. Before entering the maximum precipitation season, Standard Cut was carried out on those 3 rows and 

then the three - times regrowth harvest at 50-75% flowering stage. Ripe seeds were collected from the left side of each 

plot on 3 near side rows. These 3 rows either for biomass and /or seed samples were extrapolated into hectares.   

 

Sample preparation 

Representative wet samples were taken during each cut period and season. Fresh samples were weighted, sun-

dried, pooled and subsampled. The samples were sent to Hawassa College of Agriculture, Jimma University College of 

Agriculture and Veterinary Medicine and Holeta Agricultural Research Centre for the determination of chemical 

composition, digestibility, Phenolic, in vitro gas and methane production. 

 

Chemical analysis 

Coarsely chopped sward samples were dried in an oven for about 16 hours at 105oC. Oven-dried samples were 

ground to pass through a sieve, a size of 1mm. Dry matter, total ash, ether extract, and crude proteins were determined 

as AOAC (2005). Neutral detergent fiber (NDF), Acid detergent fiber (ADF) and Acid detergent lignin (ADL) were 

determined using the method of Van Soest et al. (1991). The N content was determined by the Kjeldahl method and the 

CP content was calculated as N*6.25. The in vitro digestibility was determined by Tilley and Terry (1963) and applied as 

the modification of Van Soest and Robertson (1985).  

 

Phenolic and tannin determination 

The sample was dried at 50-550C for 48 hours. Determinations of total phenols, total tannins (TT) and condensed 

tannins (CT) were done as Makkar (2003). Butanol–HCl–iron, as Porter et al. (1985) was used for tannin determination. 

Hydrolysable tannins (HT) were estimated as the difference between TT and CT. Total phenols and tannins were expressed 

as tannic acid equivalent. The CT was expressed as leucocyanidin equivalent as Makkar (2003) and Porter et al. (1985) 

CT = (Absorbance at 550 nm × 78.26 × Dilution factor)/(%DM)  (2) 

This formula assumed the effective E%( leucocyanidin equivalent), 1 cm, 550 nm of leucocyanidin at 460 (Porter et al., 1985). 

Phenolic and tannin determination was carried out in JUCAVM Post Harvest laboratory.  

 

Methane production 

Methane production was measured separately from duplicate bottles incubated for each sample at 24 hours. The 

procedure of  Santoso et al. (2007) was applied for the conversion of CH4 gas volume to energy and mass values by using 

the conversion factors of 9.45 kcal/l and 0.716 g/l respectively. The methane gas production analysis was carried out in 

Hawassa College of Agriculture Animal Nutrition Laboratory.   

 

Relative feed value (RFV) of sainfoin 

The Relative Feed Value (RFV) combines the estimates for forage digestibility and intake into a single number, and it 

was calculated from the estimation of ADF and NDF (Ward and Ondarza, 2008). The RFV index was estimated using the 

digestible dry matter (DDM) of the samples from ADF values and was calculated the dry matter intake (DMI) potential (as 

a percent of body weight, BW) from NDF values. The index was then calculated as Digestible Dry Matter (DDM) multiplied 

by Dry Matter Intake (DMI) as a % of body weight(BW) divided by 1.29 (Jeranyama and Garcia, 2004).      

Digestible Dry matter (DDM) = 88.9 - (0.779x% ADF)      (3)   

DMI (% of BW) = 120/ (% NDF)                                    (4) 

Relative feeding value (RFV) = (DDM x DMI)/1.29      (5)    

 

Statistical analysis 

Analysis of variances were used to test the statistical significance of the treatments. Using the general linear model 

procedure of the SAS program version 9.3 (SAS, 2010) with a 5%  probability with  experimental  model:  
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Yijk = µ   + Li + αj+ βk +Lβik + eijk, 

Where: Yijk= An observation; µ = was the overall mean Li= is the ith treatment locations (the 2 locations), i = 1Buee, 

2 Tatesa; αj is the jth block effect (the 6 blocks), j= 1…6; βk = is the kth treatments(selected sainfoin accessions) , k= 

1…..4 ; Lβik = The Lth site (i=2locations ) and the βth treatment (k= 4 accessions)interaction; eijk = was the random error. 

 

RESULTS AND DISCUSSION 

 

Classical  separation of agronomic parameters 

Among the 29 parameters, the 15 parameters (cover percent, infection level, plant height, mean tiller number, leaf 

length, leaf width, leaf area, regrowth score, fresh biomass weight, leaf and stem percent, air dried weight, air dried %, 

annual dry matter yield and annual seed yield) were taken for Dendrogram distance separation. The separation was 

conducted using principal component Analysis (SAS, 2010). Those first fifteen dependent components were found near 

1.0 Eigenvalues, which encompassed 62%. Using these eighteen parameters, the four accessions were evaluated. 

From the report of Thomson (1951), the seed height and width of the studied sainfoin’ are in the  range of 2.5–4.5 

and 2.0-3.5 mm respectively. With the exception of 5708’s, the values of the seed height for three accessions nearly 

agreed with their record. Minor variation is attributed to weather conditions and the seed collection period. In the study of 

Thomson (1951) 15.3g of milled and 21.4g of un milled sainfoin were recorded for 1000 seed weights.   

 

Accessions’ leaf and seed morphology 

Accession 5708’s leaflets were arranged separately, but those of 16006 were arranged laterally in 9 pairs, with a 

single pinnate leaflet at the tip (Figure 1). Similarly, Worabe and Albazer accessions had similar lateral arrangements in 

13 paired leaflets with a single pinnate leaflet at the tip point. The entire accessions bear creamy to grey seed pods. The 

seed pod of 5708, Worabe’s, and Albazer’s were pinnate (spiny at endpoints) but that of 16006 was rough and resembled 

tortilis Keratein crust. Pod of 5708’s hold pair seed per pod but that of 16006’s was single seeded indehiscent. Seed 

pods of Worabe and Albazer were different from those of 5708’s and 16006’s. Both bear two-strand pods which stuck 

together at mid-rib until dry and bear seeds independently. The single lateral pod holds 3–5 seeds; and in a total, 6–10 

seeds per pair pod. Seed pod length for 5708, 16006, and Worabe and Albazer was ranged from 33-34, 5-6, and 25-

27mm respectively. Seed lengths of 5708, 16006, Worabe and Albazer were 6-7, 3-3.1, 2-2.3, and 2.9-3 mm 

respectively. Similarly, the seed width of 5708, 16006 and Worabe and Albazer were 5-5.7, 1.9–2 and 2-2.1 mm 

respectively. A Thousand seed weights for 5708, 16006, Worabe, and Albazer were 81, 16.9, 1.7, and 1.9 g respectively. 

Attacking weevils (Coleoptera: Curculionidae) fed sainfoin foliage and pods were assessed as pod fluid sucker. In the 

present study, seed weight of, 16006 is similar to the report of Thomson (1951) and Hayot et al. (2011)  for milled giant 

and common types. Dis agreement with the other accessions were attributed to population, accession, harvesting stage 

and season and soil nutrient variability. The nature of sainfoin in seed setting is as single-seeded indehiscent with brown 

colored  pods with olive to brown or black color observation of Goplen et al. (1991) is agreed with present study result for 

16006 accession pod and seed color. 

 

 
Figure 1 - Above ground biological part of selected accessions 
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Agronomic efficiency during screening phase 

Measured plant phenology and yields during screening are presented in Tables 1 and 2. Germination failure was 

encountered for Meskan Dubo Tuto (MDDT), Gibie, ILRI 10558 and ILRI 10556 accessions. There were significant 

differences (P<0.001) in mean Phenological parts of the accessions. The mean disease tolerant score was higher for 

16006, Worabe and Albazer without significant difference (P>0.05) but lower for 5708 accessions. Worabe was the 

tallest and 6582 was the shortest. Accession 16006 recorded the highest tiller-forming ability. Except for the accession 

6582, a similar regrowth score was recorded (P>0.05) for the 4 accessions, with Worabe being the best compared to the 

others. As indicated in Table 2, significantly (P<0.0001) higher mean fresh herbage yield per square meter was recorded 

for Worabe followed by that of Albazer accession. The highest leaf percent was recorded for 6582, but the least was for 

Worabe and Albazer without showing a significant difference (P>0.05). The highest stem percent was recorded for Albazer 

but the least was for 16006. Air-dried weight per square meter was lower for Albazer and 6582 while all the others scored 

higher and/or comparable dried weight. Significantly (P<0.0001) higher annual DM (t ha-1) yield was recorded for Worabe 

followed by 16006 accession. Relatively higher annual seed yield (kg ha-1) was recorded for ILRI 5708 accession followed 

by Worabe, while seed setting ability failed in 6582 accession. Accession by block interaction was not significant (P>0.05) 

in all observed parameters. The effect of geographic location and moisture effect can cause differences among 

populations. The percentage of flowering plants in the sowing year and the speed of regrowth after the spring cut can help 

for differentiation of the two sainfoin types (giant/common) (Delgado et al., 2008). The results of the current study 

indicated that five accessions were able to flower in the sowing year, and the four accessions showed regrowth potential 

after successive harvest in dry and wet seasons. These characteristics led them to be giant type.  

 

Agronomic efficiency of selected sainfoin accessions at two sites   

Mean recorded accessions values are presented in Table 3 and Table 4. Tiller forming potential and leaf area 

records were found similar. Significantly higher (P<0.0001) mean fresh herbage mass per square meter was recorded for 

Worabe while the least was reported from ILRI accession 5708 (Table 4). Lower leaf and stem proportion was recorded 

for ILRI accession 16006. All the others found comparable in mean leaf stem percentage. The highest annual DM yield (t 

h-1y-1) and annual seed yield (kg h-1y-1) were obtained from Worabe whereas; all the other accessions were comparable in 

mean annual DM yield. The lowest mean annual seed yield was collected from ILRI accession 16006. In location wise, 

except for air-dried stem percentage, the Buee site was superior to all the others. 

 

Table 1 - Agronomic performance of Sainfoin accessions during the screening phase. 

Accession 
Mean accession values 

X1 X2 X3 X4 X5 X6 X7 X8 

5708 40.74bc 7.5b 20.4c 11.2e 1.3a 2.36a 9.5a 7.4b 

16006 56.7a 9.0a 15.2d 40.2a 1.3d 0.8b 1.93b 8.06ab 

Worabe 41.7b 9.0a 38.7a 15.4c 1.6b 0.48c 1.06c 8.1a 

Albazer 39.3cd 9.0a 34.2b 12.7d 1.5c 0.42c 0.98c 7.6ab 

6582 38.9d 8.0b 13.7e 32.1b 1.3a 0.74b 1.97b 7.3 

MDDT 0 0 0 0 0 0 0 0 

Gibie 0 0 0 0 0 0 0 0 

10558 0 0 0 0 0 0 0 0 

10556 0 0 0 0 0 0 0 0 

SE 3.34 0.31 5.1 5.83 0.20 0.34 1.62 0.17 

P  *** * *** *** *** * *** ns 

Block Mean block value 

1st 40.0b 9.0ab 36.3a 14.4c 1.32b 0.46c 1.06c 7.75 

2nd 41.0b 9.0ab 36.9c 14.2c 1.27a 0.44c 0.97c 7.93 

3rd 41.0b 8.5b 31.6b 13.2d 1.57bc 1.1a 3.9a 7.47 

4th 40.2b 8.7ab 29.1c 20.3b 1.54bc 0.55b 1.36c 7.89 

5th 45.3a 9.0a 28.4d 22.2a 1.27a 0.56b 1.30b 8.02 

SE 0.97 0.11 1.78 1.83 0.07 0.12 0.54 0.10 

P  * ns * * * * *** ns 

Accession by location interaction 

SE 1..31 0.13 2.54 2.41 0.08 0.15 0.65 0.11 

P ns ns ns ns ns ns ns ns 
a,b,c,d,e; Means within the column with different superscripts in accessions and blocks are differ significantly at P<0.05. 5708:Accession 

collected from ILRI; 16006: Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from 

Albazer;  6582: Accession collected from ILRI; MDDT: Accession collected from Meskan Dubotuto; Gibie: Accession collected from Gibie river 

basin; 10558: Accession collected from ILRI; 10556: Accession collected from ILRI; X1: Cover %; X2: Infection tolerance; X3: Plant 

height(cm); X4: Mean tiller number; X5: Leaf length(cm); X6:Leaf width(cm); X:Leaf area(cm2); X8- Regrowth score. *: P<0.05; ***: 

P<0.0001; NS: not significant. 
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Table 3 - Agronomic efficiency of yield factors during experimental establishment 

Accession 
Mean accession values 

1 2 3 4 5 6 7 8 

5708 33.2c 8.0b 7.5d 6.2d 2.82a 2.32a 9.37a 7.8c 

16006 41.6a 7.8c 19.1c 33.3a 2.08b 0.76b 1.81b 4.5d 

Worabe 37.1b 9.0a 32.1a 13.1b 1.49d 0.49c 1.08c 8.9a 

Albazer 30.6d 9.0a 26.1b 12.0c 1.59c 0.40d 1.07c 8.3b 

SE 3.34 0.31 5.1 5.83 0.20 0.34 1.62 0.17 

P  *** * *** *** *** * *** ns 

Location Mean location value 

Buee 41.1a 8.5 29.1a 25.6a 2.06a 1.01a 2.79 8.5a 

Tatesa 30.1b 8.4 13.4b 6.6b 1.94b 0.97b 2.73 6.4b 

SE 5.48 0.06 7.84 9.50 0.06 0.02 0.02 1.10 

P  *** * *** *** * * ns *** 

Mean block 

SE 0.37 0.03 0.06 0.05 0.002 0.002 0002 0.04 

P  ns ns ns ns ns ns ns ns 

Accession by location interaction 

SE 2.64 0.22 5.05 6.67 0.20 3.0 1.32 1.07 

P  ns ns *** *** ns ns *** *** 

a,b,c,d; Means within the column with different superscripts in accessions and blocks are differ significantly  at P<0.05. 5708: Accession 

collected from ILRI; 16006: Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from 

Albazer; X1: Cover %; X2: Infection tolerance; X3: Plant height(cm); X4: Mean tiller number; X5:  Leaf length(cm);  X6:Leaf width(cm); X:Leaf 

area(cm2);  X8- Regrowth score;.*:P<0.05; ***:P<0.0001; NS: not significant. 
 

 

 

Table 2 - Yield efficiency of Sainfoin accessions during screening phase contd… 

Accession 
Mean accession values 

9 10 11 12 13 14 15 

5708 4.42d 66.7c 29.0c 1.31a 48.7a 10.71 2163a 

16006 4.55c 67.9b 25.7e 1.30a 38.3b 11.05b 88.3d 

Worabe 5.24a 52.2d 32.9b 1.33a 31.6b 12.49a 927b 

Albazer 5.57b 52.1d 35.6a 0.98b 40.7c 10.96c 561c 

6582 4.90d 70.1a 26.6d 1.03b 46.8b 0 0 

MDDT 0 0 0 0 0 0 0 

Gibie 0 0 0 0 0 0 0 

10558 0 0 0 0 0 0 0 

10556 0 0 0 0 0 0 0 

SE 0.24 3.97 1.89 0.08 2.47 0.69 443.87 

P  *** *** *** *** * *** *** 

Block Mean block value 

1st 5.49a 51.97c 34.5a 1.20 35.6 11.75a 767b 

2nd 5.45a 52.3c 34.3a 1.19 36.4 11.74a 691c 

3rd 5.16c 57.07b 32.4b 1.45 40.39 11.39c 1181a 

4th 5.17c 58.21a 31.7c 1.14 39.7 11.73c 750b 

5th 5.33b 57.26a 31.3d 1.17 36.95 11.46b 577d 

SE 0.07 1.33 0.66 0.01 0.82 0.22 102.53 

P * * * ns ns ns *** 

Accession by location interaction 

SE 0.12 1.97 0.97 0.05 0.89 0.33 144.6 

P  ns ns ns ns ns * ns 
a,b,c,d,e; Means within the column with different superscripts in accessions and blocks are differ significantly  at P<0.05. 5708: Accession 

collected from ILRI, 16006- Accession collected from ILRI, Worabe- Accession collected from Worabe, Albazer- Accession collected from 

Albazer 6582- Accession collected from ILRI, MDDT- Accession collected from Meskan Dubotuto, Gibie- Accession collected from Gibie river 

basin, 10558-Accession collected from ILRI, 10556- Accession collected from ILRI. X9:Fresh biomass weight(kg) per meter square; 

X10:leaf%; X11:Stem %; X12:Air dried weight (kg); X13: Air dried %; X14: Annual dry matter yield(t); X15: Annual seed yield(kg). *: P<0.05; 

***: P<0.0001; NS: not significant. 
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Table 4 - Yield efficiencies during experimental establishment contd… 

                              Mean accession values  

Accession 
9 10 11 12 13 14 15 

5708 1.24d 54.9a 22.7a 42.3a 0.85a 7.49b 573.8b 

16006 1.08b 35.7b 7.4b 21.4d 0.42c 3.69b 90.91d 

Worabe 2.53a 54.0a 21.3a 36.6b 1.1d 9.69a 701.57a 

Albazer 1.87c 55.6a 22.6a 36.5c 0.89b 7.85b 389.5c 

SE 0.33 4.80 3.70 4.47 0.14 1.26 142.60 

P  *** *** *** *** *** *** *** 

Location Mean location value 

Buee 2.3a 69.8a 22.13b 46.2a 1.04b 9.12a 499.18a 

Tatesa 1.04b 30.3b 14.7a 22.2b 0.6a 5.23b 355.96b 

SE 0.63 19.79 3.63 11.99 0.22 1.94 71.61 

P *** *** * *** ** *** *** 

Block mean 

SE 0.001 0.05 0.06 0.08 0.004 0.039 0.244 

P ns ns ns ns ns ns ns 

Accession by location interaction 

SE 0.34 8.87 2.93 5.79 0.14 1.19 103.23 

P  *** *** *** *** *** *** ns 

a,b,c,d; Means within the column with different superscripts in accessions and blocks are differ significantly at P<0.05. 5708: Accession 

collected from ILRI, 16006- Accession collected from ILRI, Worabe- Accession collected from Worabe, Albazer- Accession collected from 

Albazer; X9:Fresh biomass weight(kg) per meter square; X10:leaf%; X11:Stem %; X12:Air dried weight(kg); X13: Air dried %; X14:Annual dry 

matter yield(t); X15: Annual seed yield(kg). *:P<0.05; **:P<0.01; ***:P<0.0001; NS: not significant. 

 
Agronomic performance similarity and variations in two experimental sessions 

During the screening phase, plant vigor record was highest for Worabe’s than that of Albazer’s. During the 

experimental session, the cumulative value of the accessions at both agro ecologies was found to be comparable. The 

total leaf count during the screening phase for ILRI 16006 accession was more vigorous than all the others. However, the 

cumulative value of the two agro ecologies showed Worabe’s observed more vigorous. During the screening session, 

regrowth scores for Worabe, Albazer and ILRI 16006 were found similar. However, during the experimental session, 

Worabe became superior, followed by Albazer. During screening sessions, fresh biomass weight per square meter was 

higher for Worabe Sainfoin than Albazer sainfoin, but during experimental sessions ILRI 16006 replaced Albazer sainfoin. 

Cumulative seed yield for Worabe accession was highest during the experimental period, but during the screening period, 

the highest record was found in ILRI 5708. Variability could be attributed to agroecology variation. 

The conclusion of Hanna (1993) indicates that the longest with the superior in leaf percent can score the highest 

DM yield, could contradict the present study in that the lowest leaf percent with highest scored the highest DM yield. The 

cumulative DM yield of sainfoin is within the range of 7–15 t ha−1 based on growing conditions (Tarawali, 1995).  At seed 

filling and the beginning of flowering stages, 5.1 t ha−1 and 6.5 t ha−1 DM yields are reported by Turk et al. (2011)  and 

Goplen et al. (1991) respectively. The results of the current study are in agreement with the ranges of monoculture or 

mixture stands, except for pick production time records. This result shows that the Ethiopian agroecology is suitable for 

either indigenous or exotic accessions. Several years of drought are the threat of Sainfoin on DM yield (Biligetu et al., 

2014). Despite the determination of suitability of the Brown, Dark Brown and Black soils types for sainfoin, the  report of 

Goplen et al. (1991) has limitation in determining the crack effect of Black Vertis that causes plant death as observed at 

the Tatesa site. 

 

Chemical composition of sainfoin accessions  

The chemical composition of the four sainfoin accessions is presented in Table 5. Higher crude protein contents were 

recorded for 5708 compared to that of 16006 and Albazer. Significantly (P<0.05) higher NDF and ADF were recorded for 

16006 and 5708 compared with that of 5708 and Worabe respectively.  The phenol content was 21.9 and 22.9 for 5708 

and 16006 respectively. Higher total tannin was recorded from 5708 compared with that of 16006 and Albazer 

accessions. The crude protein content of sainfoin depends on the growth stage and population. The CP content of 

accessions in the present study was within the range of 16.36 -18.77 during the filling stage. This result was in agreement 

with that of the earlier reports presented by Turk et al. (2011) and Azuhnwi et al. (2012). Crude protein content in the 

range of 11.4–17.7% was also reported for the flowering stage (Kaplan, 2011). Differences in CP content with other 

reports could be attributed to the stage of maturity, soil type, and available chemical composition in the soil. The NDF 

content of sainfoin at flowering was reported to be in the range of 37.2-45% (Parker and Moss, 1981). In contradict to 

this, the lower NDF values of the regrowth stage reported by Bal et al. (2006) was agreed with the present result. On the 

other hand, the minimum content of ADF composition for the vegetative stage and flowering stages are agreed with the 

reports of Bal et al. (2006) and McCallum et al. (2004) respectively with  the present result, but disagrees neither with the 
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maximum content nor the growing stages. Variation within fiber contents attributed to growth stage, population 

differences (Bhattarai et al., 2018), climatic conditions, and soil type, and soil chemical composition. Factors affecting the 

types, structures, and concentration levels of secondary metabolites in plants are many and complex. The two tannin 

types in plant parts and the CT distribution at the upper epidermis of leaf tissue varies from plant to plant (Jean-Blain, 

1998). The tannin in sainfoin leaf, has a molecular weight of 17000–28,000 Da has lower efficiency in blood protein 

precipitation than the lower molecular weight (6000-7100 Da) present in Lotus species (Jones et al., 1976). The major 

causes of higher tannin concentration in plants are early growth stage (Bate-Smith, 1973), Phenological (leaf) (Mole et al., 

1988), increased temperature (Lees et al., 1994), and poor soil fertility (Kelman and Tanner, 1990).  On top of that, there 

is concentration variation in species and cultivars (Kelman and Tanner, 1990). Except for phenolic compounds, the 

present study indicates the existence of variations in secondary metabolite contents among accessions is in line with the 

reports of Kelman and Tanner (1990) and Roberts et al. (1993). 

Roberts et al. (1993). The secondary metabolites in sainfoin is within the range of 5-8% /kg DM,  and taken as a 

moderate level that has lower effects on digestion than the Lotus as reported by Waghorn et al. (1999). Waghorn et al. 

(1999) that has in agreement with Wang et al. (2015) report. This above range contradicts the report of  Salem et al. 

(2006), who recorded 20–50 g/kg. DM and took it as a moderate level. Differences in accessions are attributed to leaf-to-

stem ratio and growth stage variation. In the present study, the leaf percent ratio recorder holds the highest CT. 

 

Table 5 - Chemical composition of experimental Sainfoin accessions 

                   % DM 

Accessions 
DM% Ash OM CP NDF ADF ADL 

TP 

(mg/GAE/g) 

CT 

(mg/g) 

5708 90.29a 11.43d 90.5ab 18.77a 46.3d 31.09a 17.7a 21.90 7.64a 

16006 90.33a 11.84b 88.5a 16.45c 39.25a 29.88c 9.4bc 22.14 7.47b 

Worabe 90.55a 12.71c 91.1b 17.56b 37.38c 26.07d 11.0b 22.90 6.81a 

Albazer 89.17b 13.53a 91.4a 16.36c 37.78b 30.03b 9.1c 22.11 7.12ab 

SE 0.31 0.03 0.55 0.05 0.26 0.03 0.50 0.50 0.15 

p * *** *** *** *** *** *** ns * 
a,b,c,d; Means in the same column with different superscript letters are significantly different at P<0.05. 5708: Accession collected from ILRI; 

16006: Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from Albazer;  DM: Dry matter;  

CP: Crude protein; NDF: Neutral detergent fibre; ADF: Acid detergent fibre; ADL: Acid detergent lignin; TP: Total phenol; GAE: Gallic acid 

equivalent; CT: Condensed tannin. *: P<0.05; **:P<0.01; ***:P<0.0001; NS: not significant 

 

In vitro gas production potential of sainfoin accessions  

In vitro gas production of experimental sainfoin accessions is presented in Table 6 with its trend (Figure 2). 

There was a significant difference (P<0.05) in gas production and the characteristics of accessions in each incubation 

period. Accession 5708 was the lowest in gas production within the first 3 hours of the incubation period but 16006 and 

Albazer were found to be higher in gas production without showing a significant difference (P>0.05) between each other. 

Within 24 hour of incubation period, 16006 and Albazer sainfoin accessions significantly (P<0.0001) produced the 

highest gas, and the least was observed in 5708 accessions compared to others.  

In vitro gas production is used for the estimation of the potential digestibility of the feed in the rumen (Getachew et 

al., 2000). However, there exist differences in gas production characteristics among laboratories that partially result from 

differences in chemical constituents (CP, NDF, ADL, TP, and CT), leaf-to-stem ratio, and cell wall composition, as indicated 

by Larbi et al. (2011) and Getachew et al. (2002). These causes for variations agree with the present study of gas 

production differences in the same species. Higher CP content is positively correlated with gas production extent, while 

higher fiber content reduces initial gas production and is negatively correlated with gas volume (Gasmi-Boubaker et al., 

2005). The current study result contradicted the reports of Khazaal et al. (1994) and Tolera et al. (1997) because lower 

gas production was recorded from the highest CP content holder. The cause of low gas production vs higher CP could be 

attributed to the effect of higher affinities formed by CT and proteins than polysaccharides (Patra and Saxena, 2010). This 

affinity resulted the formation of insoluble CT-fibre and CT-protein complexes and implies fermentation reduction (Huyen 

et al., 2016).   

The initial incubation period gas is related from the fermentation of the soluble and fast fermentable fraction of the 

substrate (i.e., soluble carbohydrates) and microbial protein synthesis, whereas the last portion of the incubation period is 

the result of fermentation of the insoluble but potentially degradable components (NDF) fraction (Groot et al., 1996). The 

NDF content in fermentation leads to proportionally greater amounts of gas production in the latter incubation periods 

(Lagrange and Villalba, 2016). Sainfoin is characterized by a very low fiber digestible legume at early incubation times 

(Niderkorn et al., 2011) due to the negative effect of its CT (Theodoridou et al., 2011). Accordingly, it can be concluded 

that along with other factors, a relatively higher CT in 5708 accessions may contribute to the reductions of the rate of gas 

production at initial as well as the potential gas production.  

Sainfoin holds 12.6+0.6 g/kg CT with 5.5, 74.7, and 80.2 of the mean degree of polymerization (mDP), 

prodelphinidins percentage (%PD) and cis flavan-3-ols (%cis) respectively (Huyen et al., 2016). The percentage of 
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prodelphinidins within CT had the largest effect on fermentation characteristics followed by average polymer size and 

percentage of cis flavan- 3-ols (Huyen et al., 2016). The prodelphinidins (PD%), rather than procyanidins (PC) has the 

potential of inhibition of growth of proteolytic bacteria (Valentin et al., 1999). These listed cases for gas production 

variation are in lined with the present study gas production results of experimental accessions.  In support of this, in vitro 

fermentation of sainfoin caused low VFA concentration and gas production than that of alfalfa (Niderkorn et al., 2011).  

Other than the CP content effect, methodology (Valentin et al., 1999), substrates and types of experimental animals, 

number of measurements and mathematical model; and also personnel error, laboratory chemical constituents, 

consistent working period and personnel execution rate could also be taken as the cause for gas record variations.   

 

  Table 6 - Chemical composition of experimental Sainfoin accessions. 

Accessions 
Incubation times, hour Gas characteristics 

3 6 9 12 18 24 48 72 a b c a+b (%) 

5708 6.7c 9.6c 12.4d 15.0c 19.6c 23.6c 35.1c 41.6c 3.49c 46.7c 0.0236c 50.2b 

16006 16.6a 25.3a 32.1a 37.4a 44.7a 49.2a 55.4ab 56.3a 6.41a 51.0ab 0.082a 57.4a 

Worabe 11.7b 17.2b 21.9b 26.2b 33.2b 38.7b 50.9b 55.6ab 5.44b 53.3a 0.0416b 58.7a 

Albazer 15.3a 23.6a 30.1c 35.1a 41.9a 46.0a 51.4ab 52.1b 5.49b 47.8bc 0.0861a 53.3b 

SE 0.29 0.45 0.56 0.63 0.70 0.72 0.65 0.56 0.04 0.60 0.003 0.57 

p *** *** *** *** *** *** *** *** *** *** *** * 

a,b,c,d; Means within the column with different superscripts are differ significantly at P<0.05. 5708: Accession collected from ILRI; 16006: 

Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from Albazer; a: Gas production from 

immediately soluble component (ml); b: Gas production from insoluble but potential degradable portion (ml); a+b(%): Potential gas production 

(ml); c: The rate constant of gas production (fraction/h). *: P<0.05; **: P<0.01; ***: P<0.0001. 

 

 
Figure 2 - In vitro gas production of experimental Sainfoin accessions 

 

Nutritive value and methane emission potential of sainfoin accessions  

As presented in Table 7, there were significant (P<0.05) variations between the experimental sainfoin accessions in 

chemical composition, estimated digestibility, energy value, and methane production potential. Except for 5708 

accessions, all the others hold higher carbohydrate content. Significantly (P<0.001) lower in vitro dry matter digestibility 

(IVDMD) was recorded for Albazer followed by 16006 accessions. Organic matter digestibility (OMD) and metabolizable 

Energy (ME) were lower for 5708.  Significantly (P<0.001) the highest methane gas (CH4), calculated energy, and its mass 

was recorded in Albazer while all the rest hold lower and similar value records (P>0.05).  

The in vitro dry matter digestibility of sainfoin accession within the range of 55.6–73.3% is in agreement with the 

ranges reported by Yordanka and Viliana (2015). There exists higher OM degradability and rate of gas production for 

alfalfa than that of sainfoin (Lagrange and Villalba, 2016). The lower OM degradability and rate of gas production records 

for sainfoin are attributable to the greater contents of the cell wall and relatively more CT together with the advanced 

stage of maturity (Guglielmelli et al., 2011).  

In the current study, metabolizable energy content in the range of 11.55-12.49 MJ/kg DM is higher than the report of 

Scharenberg et al. (2007). Acacia tortilis in mid-rift-valley grassland of Ethiopia holds lower ME as reported by Bezabih et 
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al. (2014) than the present study result. Such variation could be attributed to differences in morphological composition 

(Larbi et al., 2011), harvesting season (Zafu et al., 2020), stage of maturity (Guglielmelli et al., 2011), and differences in 

CT that causes fermentation and end-product variation (Huyen et al., 2016). 

Methane production from 5.6-9.9ml/200mg for sainfoin accessions is reported by Aderao et al. (2018). There is a 

positive correlation between methane and gas volume production (Huyen et al., 2016). In contrast to this, there are 

reports presented by Bueno et al. (2020) indicating the potential effect of CT on methane production reduction through 

reducing methanogens, shifting metabolic pathways, and reducing the availability of protein for microbial activity. In 

support of this, Huyen et al. (2016) reported the ability of all CT sources on CH4 production reduction. As a result, the 

liberation of 2[H]-ions from the fermentation of organic matter to acetate and butyrate that uses for CH4 production is 

suppressed. In contrast, increased propionate production has a role as [H]-ion sinker (Tavendale et al., 2005).  Moreover, 

condensed tannins have higher affinities for proteins than polysaccharides (Patra and Saxena, 2010). From the current 

study, accession with the highest CHO and least IVDMD produced higher methane than those hold higher CP, since higher 

CP can suppress acetate production.   

 

Table 7 - Digestibility, nutritive value and methane emission potential of experimental Sainfoin accessions 

Sample 

Chemical composition and energy Digestibility (%) Methane characteristics in 24 hrs 

SCFA 

(mmol/200 mg -1 

DM) at 24 hr 

CHO 
ME  

(at 24 hr) 
IVDMD TDN DCHO 

OMD  

at 48hr 

Volume 

(ml/200 mg-1 

DM) 

Energy 

(k Cal)-1 

Mass 

(mg ml-1) 

5708 0.63b 47.5b 6.51d 73.3a 73.8c 52c 62.0c 5.60bc 52.9bc 4.03bc 

16006 1.24a 59.3a 9.86a 62.7c 88a 70.6a 79.8a 7.0b 66.2b 5.0b 

Worabe 0.99ab 56.9a 8.49c 71.1b 85.5ab 66.5b 75.7b 7.0b 66.2b 5.0b 

Albazer 1.16a 58.9a 9.42b 55.6d 84.2b 66.9b 76.7b 9.9a 93.6a 7.1a 

SE 0.11 0.86 0.13 0.38 1.03 0.38 0.70 0.65 6.13 0.46 

p ns *** *** *** *** *** *** *** *** *** 

a,b,c,d; Means within the column with different superscripts are differ significantly at P<0.05. 5708: Accession collected from ILRI; 16006: 

Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from Albazer; SCFA: Short chain fatty 

acid; DM: Dry matter; CHO: Carbohydrate; ME: Metabolizable energy; IVDMD: in vitro dry matter digestibility; TDN: Total digestible nutrient; 

DCHO: Digestible carbohydrate; OMD: Organic matter digestibility. ***: P<0.0001; NS: not significant. 

 

Relative feeding value  

The Relative Feeding Value (RFV) of the four accessions is presented in Table 8. There was significant variation in 

relative feeding value among the accessions (P<0.05). The highest (P<0.001) relative feeding value was recorded for 

Worabe accessions. Significantly (P<0.001) the least RFV was observed for 5708.  

Determination of RFV for legumes compared with that of grass mixture and grass forages bears limitations (Ward 

and Ondarza, 2008). Many scholars stated that, intake is a function of the NDF content. Alfalfa forage has greater than 

100 RFV and is taken as a greater intake of digestible dry matter by the cow compared to more NDF holders (Ward and 

Ondarza, 2008). The result of the current study is in agreement with the above conclusions in that intake is inversely 

proportional to the NDF content but positively correlated with ADF content. The mean relative feeding value of alfalfa at 

the early and late cutting stages is within a range of 119-203 and 125-254 respectively, Hackmann et al. (2008). Having 

RFV of more than 100 in the present study shows the importance of sainfoin as feed source, and this result is in 

agreement with the report of Ward and Ondarza (2008). It can be concluded that the RFV of studied sainfoin accessions 

in the present study and studied alfalfa in another report are comparable with the existence of variability in secondary 

metabolites and their effect on animal production. 

 

Table 8 - Relative feeding value of experimental Sainfoin accessions 

                                     Chemical composition and energy  

Sample 
DDM (%) DMI (%BW) RFV 

5708 64.7c 2.59c 130.0c 

16006 65.6b 3.06b 155.5b 

Worabe 68.6a 3.21a 170.7a 

Albazer 65.5bc 3.18ab 161.3b 

SE 0.02 0.02 0.77 

p *** *** *** 

a,b,c,d; Means within the column with different superscripts are differ significantly at P<0.05. 5708: Accession collected from ILRI; 16006: 

Accession collected from ILRI; Worabe: Accession collected from Worabe; Albazer: Accession collected from Albazer; DDM: Digestible dry 

matter;  DMI(%BW): Dry matter intake in % of body weight; RFV: Relative feeding value. ***: P<0.0001; NS: not significant. 
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CONCLUSION  

 

Testing locations caused inconsistency result in agronomic performances collected during the screening phase at one 

testing site and the evaluation session at two testing sites. Location that boosts manifestation for some potential of some 

accession could suppress the others potential. The highest CP, together with the higher secondary metabolite (Phenol) 

content in 5708 accession, suppressed in vitro gas fermentation. The lowest ADL content, together with higher CHO 

composition in Albazer sainfoin caused a higher fermentability and led to higher methane production. In this study, the 

lowest NDF content indicated a level of digestibility but couldn’t indicate the RFV. Compared with other accessions, the 

highest in disease tolerance ability, regrowth potential, annual herbage biomass and seed yield, and better in CHO and 

RFV, but lower in NDF content scores assisted Worabe sainfoin to be the primary accession. In areas where crop residues 

become the dominant feed resources and in moisture scarce areas of Ethiopia, the use of Worabe sainfoin to enhance the 

nutritive value of poor feed resources seems appealing. 
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Supporting Information 

ABSTRACT: The present work aimed to evaluate the effects of Mangifera indica leaf powder (MLP) on 

reproductive hormones, biomarkers of oxidative stress and toxicity, growth and carcass characteristics of 

female Cavia porcellus. 40 female guinea pigs (Cavia porcellus L.) aged 2 months with an average weight of 

257.65±11.28 g were used. These guinea pigs were weighed, then randomly divided into 4 groups of 10 

animals each and subjected to the following rations: T0 (basic diet), T1, T2 and T3 (basic diet + 0.50; 0.75 

and 1% MLP, respectively). For 45 days, the guinea pigs of all groups received ad libitum drinking water and 

the corresponding experimental rations. Reproductive hormones analyses showed a significant (P<0.05) rise 

in serum progesterone concentration in the highest dose of MLP-treated guinea pigs. Malondialdehyde level 

was lowest in guinea pigs given feed with the highest dose of MLP while superoxide dismutase and catalase 

activities were maximum in animals that received the highest doses of MLP. Total Peroxidase activity was 

greatest in animals fed with the higher MLP dose. The lowest level of cholesterol was noticed in the group 

that received the greatest dose of MLP. Feed consumption was higher in guinea pigs receiving 0.75% and 1% 

MLP. The body weight gain and average daily gain had higher values in the subjects fed with MLP feed than 

those of the control group. Feed efficiency values were improved in animals that that were given 0.5% and 

1% MLP with regards to those fed without MLP, the length of small intestine was higher (P<0.05) in 0.75% 

MLP-treated animals than the other groups, while the greatest value for the density of big intestine was 

recorded in those that received 0.25% MLP. Based on these values (1% of diet as optimum level), MLP can be 

used in feed to improve animal production performance. 

Keywords: Antioxidant, Growth, Mangifera indica, Oxidative stress, Reproductive hormones. 

Abbreviations: MLP: mango leaf powder; FR: Free radicals; ROS: reactive oxygen species; OS: oxidative stress; AO: antioxidants; FC: feed 

consumption; WG: weight gain; ADG: average daily gain; CI: consumption index; FE: Feed efficiency; CY: carcass yield; Ur: urea; Cr: creatinine; 

TC: total cholesterol; AST: aspartate aminotransferase; ALT: alanine aminotransferase; E2: estradiol; CAT: Catalas; SOD: Superoxide 

dismutase; POX: Total peroxidase; MDA: malondialdehyde. 
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INTRODUCTION   
 

Food security in general and meeting the needs in protein particularly, of populations is a great challenge for developing 

countries (Noumbissi et al., 2013; Miégoué et al., 2018c). In fact, population growth increases the need for proteins 

especially animal proteins. However, despite measures put to place by the governments, supplies are still not sufficient to 

meet demands not only at national but also at international levels (FAO, 2014). Small scale farming, especially caviar 

farming, seems to be another way to meet the needs in proteins from animals while preserving this animal resource at 

the time (Miégoué et al., 2018a). This farming is easy to practice and is also an important income source for 

Cameroonians (Miégoué et al., 2018b). Despite the many advantages of guinea pig, its production is still low. These 

animals like other are affected by endogenous and exogenous factors that cause oxidative stress (OS) which leads to a 

decline in productivity thereby leading to financial losses. Increasing genetic selection for maximum growth rate, and 

commercial animal agriculture conditions can also introduce oxidative stress which hinders health, optimum growth and 

reproduction, welfare as well as the quality of the product concerned (Mishra and Jha, 2019; Esposito et al., 2021; Ogawa 

et al., 2024). 

 Free radicals (FR) and reactive oxygen species (ROS) are molecules produced naturally from metabolic reactions in 

living organisms. They play some useful roles in the body like destroying bacteria and viruses. However, when 

overproduced they can cause OS in the body (Arts and Hollman, 2005).   
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Various biomolecules have been shown to have the capability of hindering or slowing down OS in foods and living 

organisms. These molecules have the ability to donate their hydrogen atom in order to stabilize FR or ROS. These 

biomolecules are generally known as antioxidants (AO) (Djikeng et al., 2017). There are two different types of AO: 

synthetic and natural antioxidants. However, synthetic AO have side effects on human health, so the search for natural AO 

sources that can be used to slow down OS in organisms and extend the shelf-life of foods has been extensively studied 

(Womeni et al., 2016). Natural antioxidants in plants are mainly phenolic compounds like phenolic acids, flavonoids, 

tannins, carotenoids, anthocyanin, etc. (Habermann et al., 2016). Mango (Mangifera indica) belonging to Anacardiaceae 

family is an important tree species with many medicinal properties. It is famous for its fruits which are very juicy and rich 

in vitamin C. Its leaves also have many benefits. In fact, they are rich in compounds like phenols, alkaloids, phytosterols, 

tannins, triterpenoids, flavonoids and saponins. At the traditional level, mango leaves are used for the treating many 

diseases like pneumonia, diabetes, colds and fever (Adjanohoun and Dramane, 1993).  

Its bioactive compound mangiferin has been shown to possess good antioxidant activities against oxidative stress 

(Shah et al., 2010); It possesses many health benefits like antibacterial, antiviral, anti-inflammatory, anticancer, 

antidiabetic, antioxidant, antiaging, immunomodulatory, hepatoprotective, antiparasitic and analgesic effects (Dar et al., 

2005). 

According to the above information, the leaves of Mangifera indica could be used as potential natural source of 

antioxidant, to reduce oxidative stress effects in guinea pigs thus improving health and consequently, reproductive and 

growth performances as well as meat quality (Djikeng et al., 2017). However, the activities of plant substances vary with 

doses, means of administration, form and part of plant, animal material, etc which lead to variations in results from their 

use. So far, results on the use of mango leaves powder as supplements in guinea pig feed are very rare. 

It is within this framework that this study was initiated with the general goal of contributing to the promotion of the 

productivity of guinea pigs.  

 

MATERIALS AND METHODS 
 

Animal material and housing 

A number of 40 female guinea pigs (Cavia porcellus L.) aged 2 months with an average weight of 257.65±11.28 g 

were used for this study. The animals were produced in a farm in the city of Dschang. Throughout the trial period, the 

latter were housed in the caviaculture building of the Teaching and Research Farm of the University of Dschang. This 

building was equipped with rectangular boxes, made of plywood mounted on the floor, equipped with a lighting device 

and mesh on top. Each of these boxes measuring 100 cm x 80 cm x 60 cm (length x width x height) was lined with litter of 

wood shavings, renewed every 3 days and equipped with a feeder (60 cm long, 10 cm wide and 5 cm deep) and a drinker 

(50 cl).  

 

Feeding 

Four experimental rations (T0, T1, T2 and T3) were formulated. Throughout the trial period, the guinea pigs of all 

groups received ad libitum drinking water and a compound feed whose ingredients were purchased from a local market. 

The percentage composition and the calculated bromatological characteristics of this ration are presented in the table 1. 

 

Table 1 - Percentage and chemical composition of the compound feed 

Ingredients (kg) Quantity 

Maize 22 

Trypsacum laxum 26 

Soybean cake 04 

Cotton seed cake  03 

Palm kernel cake 09 

Fish meal 08 

Bone meal 01 

Wheat bran 22 

Premix 2% * 02 

Shell 01 

Molasses 02 

Total  100 

Chemical composition of rations  

Digestible energy (kcal/kg DM) 2,803 

Dry matter (%) 89.56 

Organic matter (%DM) 75.14 

Crude protein (%DM) 17.82 

Gross cellulose (%DM) 17.60 

Ash (%DM) 24.86 

Lipids (%DM) 1.47 
*Premix 2%: Vit. A=3000000 IU/kg, Vit. D3=600000 IU/kg, Vit. E=4000mg/kg, Vit. K3=500mg/kg, Vit. B1=200mg/kg, Vit. B2=1000mg/kg, Vit. B3=2400mg/kg, 

Biotin=10mg/kg, Vit. PP=7000mg/kg, Folic acid=200mg/kg, Choline chloride=10000mg/kg, Iron sulfate=8000mg/kg, Copper(II) sulphate=2000mg/kg, Manganous 

oxide=1400mg/kg, Calcium iodate=200mg/kg, Basic cobalt carbonate=200mg/kg, Sodium selenite=20mg/kg, Methionine=20000mg/kg, Lysine=78000mg/kg, 
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Plant material 

The mango (Mangifera indica) leaves used were harvested from the same tree located in the locality of Dschang. 

They were cleaned and dried in an oven (45°C) to constant weight and crushed in a mill to obtain a homogeneous 

powder, used for the preparation of the various experimental rations. 

 

Experimental procedure 

The forty guinea pigs used in this trial were weighed using a scale with a capacity of 5 kg and a sensitivity of 1 g, then 

randomly divided into 4 groups, namely: T0 (basic ration only), T1 ( Basic ration + 0.50% mango leaf powder), T2 (Basic 

ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder). These groups were comparable in 

terms of body weight. Each of the guinea pigs was marked with an earring bearing its code and considered as an 

experimental unit. The quantities of feed served and refusals were weighed daily, while the animals were weighed 

individually every 7 days. After 45 days of treatment, the guinea pigs of each group were sacrificed and eviscerated, then 

weighed for the evaluation of carcass yields 1 and 2. 

 

Parameters studied and data collection 

Evaluation of growth performance 

Feed consumption: The feed was weighed and distributed daily (every morning between 8 am and 9 am), then the 

refusals of each treatment were weighed daily using an electronic scale with a capacity of 5 kg and an accuracy of 1 g. 

Subsequently, the feed consumption (FC) of the guinea pigs was determined by taking the difference between the 

quantity of feed served (Qs) and the refusals (Qr) of the period considered. FC = Qs – Qr 

Evolution of weight: The animals were weighed at the start of each week using an electronic scale with a capacity of 5 

kg and a precision of 1 g until the end of the trial. 

Weight gain (WG): The weight gain of the guinea pigs was obtained by taking the difference between the live weight 

at the week considered (Pn) and that of the previous week (Pn-1). WG = Pn - Pn-1 

Average daily gain (ADG): The average daily gain was obtained by relating the weight gain (WG) to the period 

considered in days. ADG = Weight gain/Duration (in days) 

Consumption index: The consumption index (CI) was determined by calculating the ratio between the quantity of feed 

consumed during a period and the weight gain of the same period. CI= Feed consumption/Weight gain 

Feed efficiency: Feed efficiency (FE) was determined by relating weight gain to the amount of feed consumed over a 

period. FE = Weight gain/Feed consumption 

 

Assessment of carcass characteristics 

Carcass yield 1 

To obtain carcass yield 1 (CY1), the 40 guinea pigs were fasted for 24 hours in order to empty the gastrointestinal 

contents, then sacrificed and eviscerated. The internal organs were then removed and the carcass weighed and expressed 

as a percentage of live weight: 

CY1 (%) = (Whole Gutted Carcass Weight) / (Animal Live Weight) × 100 

Carcass yield 2 

As for carcass yield 2 (CY2), in addition to evisceration, the skin, the head and the ends of the legs of the guinea pigs 

were removed: CY2 (%) = (Weight of the dressed and eviscerated carcass) / (Live weight of the animal) × 100 

Relative weight of organs 

The relative weight or proportion of the removed organs (skin, head, legs, liver, kidney, caecum) was calculated in 

relation to the live weight at slaughter according to the following formula: 

Relative organ weight (%) = (Organ weight (g))/ (Live weight at slaughter (g)) × 100 

 

Biochemical and hormonal analyses 

Samples of blood were obtained using cardiac puncture and were collected without anticoagulant for biochemical 

dosages and with anticoagulant (EDTA) for complete blood count.  Biochemical parameters analyzed from serum were 

urea (Ur), creatinine (Cr), total cholesterol (TC), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 

performed using appropriate commercial Chronolab kit. Progesterone and estradiol (E2) were measured in serum with the 

use of AccuDiagTM ELISA kits from OMEGA DIAGNOSTICS LTD (Scotland, England).   

 

Oxidative stress markers  

Catalase (CAT), Superoxide dismutase (SOD), Total peroxidase (POX) activities and concentration of malondialdehyde 

(MDA) were measured with the use of protocols proposed by Aebi (1984), Misra and Fridovich (1972), Moron et al. (1979) 

and Botsoglou et al. (1994), respectively.  
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Statistical analyzes of data 

The data obtained at the end of this work, were subjected to the analysis of the variance as a factor, to test the 

effects of the various rates of incorporation of the powder of leaves of Mangifera indica on the studied parameters in test-

subjects. Waller Duncan's test was used to separate the means in case of significant difference. The significance 

threshold was set at 5% for these different tests. Results were expressed as mean ± standard deviation and SPSS 26.0 

software was used for these analyses. 

 

RESULTS 

 

Effects of MLP on reproductive hormones in female guinea pigs 
 

Serum concentration of estradiol 

The effects of MLP on serum concentration of estradiol in female guinea pigs are shown in figure 1. It was observed 

that the concentration of estradiol in serum in the groups that received MLP was comparable (P>0.05) to that of the 

control group for those that received 0.75% and 1%. However, the animals that received 0.5% of MLP recorded a 

significantly lower serum concentration of estradiol with respect to the control guinea pigs. 
 

Serum concentration of progesterone 

Figure 2 demonstrates the eeffects of MLP on serum concentration of progesterone in female guinea pigs. It appears 

that, a significant (P<0.05) rise in serum progesterone concentration was registered in guinea pigs fed with the diet 

containing the highest dose of MLP as compared to the control animals. 

 

 
Figure 1 - Effects of MLP in the diet on serum 

concentration of Estradiol in female guinea pigs. a, b: 

bars affected with the same letter do not differ significantly 

(P>0.05). T0 (basic ration only), T1 (Basic ration + 0.50% 

mango leaf powder), T2 (Basic ration + 0.75% mango leaf 

powder) and T3 (Basic ration + 1% mango leaf powder). 

 

 
Figure 2 - Effects of MLP in the diet on serum 

concentration of progesterone in female guinea pigs. a, b: 

bars affected with the same letter do not differ significantly 

(P>0.05). T0 (basic ration only), T1 (Basic ration + 0.50% 

mango leaf powder), T2 (Basic ration + 0.75% mango leaf 

powder) and T3 (Basic ration + 1% mango leaf powder). 

 
Figure 3 - Effects of MLP in the diet on cholesterol level in female guinea pigs. T0 (basic ration only), T1 (Basic ration + 

0.50% mango leaf powder), T2 (Basic ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder). 
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Table 2 - Effects of MLP in the diet on oxidative stress biomarkers in female guinea pigs 

Oxidative stress  biomarkers 
Control  

(n=10) 

Doses Mangifera indica leaf powder 
P-value 

T1 (n=10) T2 (n=10) T3 (n=10) 

MDA (μM) 1.31±0.15 1.86±0.92 1.51±0.90 0.96±0.87 0.36 

CAT (μM/min/g PT) 3.13±1.06 2.73±0.77 2.39±1.06 3.22±1.99 0.73 

SOD (U/min/g PT) 0.47±0.13 0.40±0.09 0.46±0.20 0.57±0.25 0.54 

POX (mM/min/g PT) 43.08±3.60ab 46.71±9.74ab 53.78±6.42b 41.95±10.41a 0.04 

a, b: values with the same letter per row are not significantly different (P> 0.05), n: number of animals per group,  MDA: Malondialdehyde; 

SOD: Superoxide Dismutase; CAT: Catalase; POX: Total Peroxidase; PT: T0 (basic ration only), T1 ( Basic ration + 0.50% mango leaf powder), 

T2 (Basic ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder), Total proteins. 

 

 

Table 3 - Effects of MLP in the diet on kidney weight and volume and biochemical markers of nephrotoxicity in female 

guinea pigs 

Toxicity indicators Control (n=10) 
Doses Mangifera indica leaf powder 

P-value 
T1 (n=10) T2 (n=10) T3 (n=10) 

Relative weight of the kidney (%) 0.40±0.14 0.40±0.05 0.40±0.08 0.41±0.02 0.99 

Volume of the kidney (dm3) 1.37±0.23ab 1.20±0.19a 1.27±0.15ab 1.45±0.05b 0.04 

Creatinine (mg/dL) 0.96±0.24a 0.93±0.16a 1.57±0.40b 1.21±0.05a 0.001 

Urea (mg/dL) 58.79±12.91 47.36±11.85 47.12±8.85 42.60±12.20 0.19 

a, b: values with different letter per row are  significantly different (P<0.05), n: number of animals per group, T0 (basic ration only), T1 ( Basic 

ration + 0.50% mango leaf powder), T2 (Basic ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder). 

 

 

Table 4 - Effects of MLP in the diet on liver weight and volume and biochemical markers of hepatotoxicity in female 

guinea pigs 

Toxicity indicators Control (n=10) 
Doses Mangifera indica leaf powder 

P-value 
T1 (n=10) T2 (n=10) T3 (n=10) 

Relative weight of the liver (%) 2.71±1.07 2.41±0.29 2.53±0.30 2.64±0.16 0.85 

Volume of the liver (dm3) 7.67±1.53 7.67±0.50 7.40±0.69 8.67±0.58 0.18 

ALT (U/L) 60.06±18.57 72.28±16.31 76.82±19.14 78.57±11.91 0.33 

AST (U/L) 78.57±12.11 87.47±14.15 81.54±20.44 76.65±15.06 0.72 

 AST: aspartate aminotransferase, ALT: alanine aminotransferase, n: number of animals per group. T0 (basic ration only), T1 (Basic ration + 

0.50% mango leaf powder), T2 (Basic ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder). 

 
Effects of MLP on biomarkers of oxidative stress in female guinea pigs 

It is remarked from table 2 that, whatever the marker of oxidative stress taken into consideration, no statistical 

(P>0.05) difference was reported among the mango leaf powder-treated groups and the control. Nevertheless, 

malondialdehyde level was lowest in guinea pigs given feed with the highest dose of mango leaf powder. Also, superoxide 

dismutase and catalase activities were maximum in animals that received the highest doses of MLP in comparison with 

the other groups. Similarly, total Peroxidase activity was greatest in animals fed with the higher MLP dose, with respect to 

the other groups of animals.  

 

Effects of the incorporation of MLP in the diet on toxicity indicators in female guinea pigs 

Kidney weight and volume and biochemical markers of nephrotoxicity in female guinea pigs 

The effects of MLP on the weight and volume of kidney and biochemical markers of nephrotoxicity in female guinea 

pigs is represented in table 3. The kidney weight and volume as well as urea level recorded no significant (P>0.05) 

difference in comparison to the control group. Likewise, creatinine levels in treated groups were comparable to those of 

the control except at the dose of 0.75% MLP which showed a significant (P<0.05) increase with respect to the control 

group. 
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Weight and volume of liver and biochemical markers of hepatotoxicity in female guinea pigs 

The weight and volume of liver and biochemical markers of hepatotoxicity in female guinea pigs are summarized in 

table 4. No significant (P>0.05) difference was noticed in liver weight and volume, as well as AST and ALT whatever the 

dose, when compared with the control group. 

Total cholesterol in female guinea pigs 

Figure 3 illustrates the effects of MLP in diet on cholesterol level in female guinea pigs. The lowest level of cholesterol 

was noticed in the group that received the greatest dose of MLP, though the value was not statistically (P>0.05) different 

from that of the control animals.  

 

Effects of the incorporation of MLP in the diet on growth parameters in guinea pigs 

Table 5 presents the variation in the characteristics of growth in the guinea pig from the start and the end of the trial 

according to the levels of MLP in the different rations. It appears that the growth characteristics of the different 

treatments are all comparable (P>0.05). Despite this similarity in all values, feed consumption was higher in guinea pigs 

receiving 0.75% and 1% MLP as compared to the control. The body weight gain and average daily gain had higher values 

in the subjects fed with MLP feed than those of the control group. In addition, we note that feed efficiency values were 

improved in animals that that were given 0.5% and 1% MLP with regards to those fed without MLP.  

 

Characteristics of carcass and relative weights of some organs in the guinea pig according to the different rates of 

incorporation of the powder of the mango leaves 

Table 6 shows the carcass characteristics and relative weights of some organs in guinea pigs according to the 

different rates of incorporation of MLP. It appears that the different treatments had no significant effect on these different 

characteristics when compared with the control group. However, it is noted that the carcass yields 1 and 2 as well as 

relative weight of big intestine and caecum were lower in guinea pigs having received 0.75% MLP in the ration. In 

addition, the length of small intestine was higher (P<0.05) in 0.75% MLP-treated animals than the other groups, while the 

greatest value for the density of big intestine was recorded in those that received 0.5% MLP.    

 

Table 5 - Variation of growth characteristics according to different doses of MLP in guinea pigs 

Toxicity indicators 
Control  

(n=10) 

Doses Mangifera indica leaf powder 
P-value 

T1 (n=10) T2 (n=10) T3 (n=10) 

Initial body weight (g) 250.6±36.88 247.6±61.60 249.4±62.25 251.8±69.58 1.00 

Final body weight (g) 319.8±52.54 339.6±53.52 319.8±42.99 339.6±40.09 0.83 

Feed consumption (g) 809.2 807.4 892.2 835.4 -- 

Body weight gain (g) 69.2±27.59 92.0±13.08 70.4±21.63 87.8±32.06 0.37 

Daily body weight gain (g) 1.98±0.79 2.63±0.39 2.01±0.62 2.51±0.92 0.37 

Feed conversion ratio 13.34±5.28 8.93±1.31 13.83±4.80 10.79±4.45 0.28 

Feed efficiency  0.09±0.03 0.11±0.02 0.07±0.02 0.11±0.04 0.25 

 n: number of animals per group, T0 (basic ration only), T1 ( Basic ration + 0.50% mango leaf powder), T2 (Basic ration + 0.75% mango leaf 

powder) and T3 (Basic ration + 1% mango leaf powder), / (absence of P value since feed consumption was per group and not individually, 

thus no standard deviation) 

 

Table 6 - Carcass characteristics and relative weights of some organs in guinea pigs according to the different rates of 

incorporation of mango leaf powder. 

Toxicity indicators 
Control  

(n=10) 

Doses Mangifera indica leaf powder P-

value T1 (n=10) T2 (n=10) T3 (n=10) 

Carcass yield 1 (%) 70.81±3.99b 63.80±3.60a 64.77±3.68a 67.51±3.90ab 0.04 

Carcass yield 2 (%) 41.88±5.37b 36.67±3.65ab 36.06±2.40a 37.85±2.69ab 0.04 

Relative weight of the fifth quarter (%) 28.93±2.45 27.14±0.84 28.72±2.87 29.66±1.36 0.30 

Relative weight of the stomach (%) 4.16±0.95 3.73±0.62 3.05±0.84 3.87±1.38 0.36 

Relative weight of the big intestine (%) 4.15±1.09bc 4.76±0.56c 3.07±0.37a 3.59±0.30ab 0.00 

Relative weight of the small intestine (%) 4.22±1.48ab 3.71±0.85ab 2.94±0.36a 4.28±0.56b 0.04 

Relative weight of the caecum (%) 12.14±3.07b 9.86±1.82ab 7.20±1.66a 8.84±1.43a 0.01 

Length of the big intestine (cm) 69.03±12.44 72.90±3.57 68.90±2.12 77.57±1.10 0.16 

Length of the small intestine (cm) 134.67±5.35a 141.43±3.90a 152.33±7.09b 141.80±4.27a 0.00 

Density of the big intestine (g/cm) 18.99±1.34c 22.37±0.38d 13.93±0.85a 15.79±0.52b 0.00 

Density of the small intestine (g/cm) 9.64±1.53b 8.99±1.74b 6.03±0.30a 10.31±1.24b 0.00 
 a, b, c, d: values with the same letter per row are not significantly different (P> 0.05), n: number of animals per group, T0 (basic ration only), 

T1 ( Basic ration + 0.50% mango leaf powder), T2 (Basic ration + 0.75% mango leaf powder) and T3 (Basic ration + 1% mango leaf powder). 
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DISCUSSION 

 

Animals are exposed to oxidative stress on daily bases from both internal and external sources. This can cause general 

health problems which can hinder their reproduction and growth as well as the quality of animal products. Antioxidants 

are known to fight against the undesirable effects of oxidative stress. A very important function is carried out by the 

hypothalamic-pituitary-gonadal (HPG) axis in controlling reproduction. The function of oestrous cycle is under the direct 

control of the pituitary and ovarian hormones; Follicle stimulating hormone (FSH), estrogen, pregesterone, and Luteinizing 

hormone (LH) generally increase during the oestrus phase of the cycle (Campbell, 2009). 

Progesterone and estradiol are steroid hormones naturally associated with female fertility and pregnancy 

(Henderson, 2018). The synthesis of steroid starts with the conversion of cholesterol to pregnenolone that is then 

converted to steroid hormones (Payne and Hales, 2004). FSH will stimulate folliculogenesis, thus increasing the level of 

estradiol which is secreted by the ovaries using cholesterol. Saponins under the influence of cAMP, activates LH receptors 

of the theca interna of the ovarian follicles to convert cholesterol into androstenedione which in turn becomes estrogens 

making female animals to go into heat (Ndam, 2023).  

Progesterone concentration begins to increase during proestrus and reaches its peak during ovulation. After 

ovulation, progesterone works synergistically with oestrogen to inhibit gonadotropin secretion. Estradiol concentration 

increases during met-oestrus, peaks at proestrus and drops at oestrus (Joffe et al., 2020; Yaseen et al., 2023).   

The results of the present work demonstrated that the concentration of estradiol in serum in the groups that received 

MLP was comparable to that of the control group for those that received 0.5% and 0.75%. However, the animals that 

received 0.25% of MLP recorded a significantly lower serum concentration of estradiol with respect to the control guinea 

pigs. On the other hand, a significant rise in serum progesterone concentration was registered in guinea pigs fed with the 

diet containing the highest dose of MLP as compared to the rest.  

These results agree with those obtained by Djuissi et al. (2021) in female guinea pigs fed with ethanolic extract of 

Dichrostachys glomerata fruit; Bafor et al. (2015) in mice receiving orally, methanolic extract of Alchornea laxiflora leaf a 

dose of 1000 mg/kg for 6 consecutive days as well as Yakubu et al. (2008) in female rats treated for 7 consecutive days 

with Cnidoscolous aconitifolius. This can be attributed to the presence of some bioactive molecules like alkaloids and 

phenols in their extracts, which are also found in mango leaves and protect corpus luteum and placenta from reactive 

oxygen species attacks, and subsequently favor the growth and function of the cells. 

However, they are in disagreement with the findings of Funmileyi et al. (2013) who obtained an increase in estradiol 

level in non- pregnant female rats treated with aqueous leaf extract of Mangifera indica with no difference in progesterone 

level among all groups. Levels of creatinine, urea and cholesterol as well as the hepatocellular enzymes (AST, ALT) are 

used to evaluate liver and kidney function. A decrease or increase from standard values in their activities in the liver and 

kidney could be expected to take place as associated to the pathology involving necrosis of theses organs. Rahman et al. 

(2001) suggested that the decrease in these parameters might show the stressed conditions of the treated animals.  

However, the present study recorded no significant variation among the mango leaves powder-treated groups and the 

control except for creatinine level at the medium dose for these biochemical toxicity indicators. These results are in line 

with the report of Djuissi et al. (2021) in female guinea pigs fed with ethanolic extract of Dichrostachys glomerata fruit at 

doses of 50, 100 and 200mg/kg BW. The present study indicated a decreased level of urea and an increased level of 

creatinine which was in agreement with findings of Kothari et al. (2014) and Ebile et al. (2018). This observation can be 

directly related to the hepato-protective as well as nephron-protective activities of mango leaves powder.The obtained 

results of the present study could have resulted from protein metabolism which could make some changes in kidney cell 

function.  

The changes in oxidative stress biomarkers have been reported to be an indicator of tissue’s ability to cope with 

oxidative stress (Mansour et al., 2009). The antioxidant enzyme catalase (CAT) acts as defence against free radicals. It is 

responsible for the catalytic decomposition of hydrogen peroxide to molecular oxygen and water. Glutathione (GSH) is 

normally present in millimolar concentrations in cells and is known to protect the cellular system against the toxic effects 

of lipid peroxidation. It is very important in maintaining cellular redox status (Rao and Shaha, 2001) and its depletion is 

considered as a marker of oxidative stress (Lu, 1999). The decreased superoxide dismutase (SOD) activity may lead to 

massive production of superoxide anion. The production of such anions overrides enzymatic activity and leads to a fall in 

its concentration in renal tissue.  

Although statistically comparable, the level of malondialdehyde was lowest in guinea pigs given feed with the highest 

dose of MLP. Also, superoxide dismutase, catalase and total peroxidase activities were maximum in animals that received 

the highest doses of MLP in comparison with the other groups. Meanwhile, the decreased level of MDA levels can express 

the cell-protective effects of MLP. These results agree with those obtained by Kuate et al. (2010) who analyzed the in vitro 

antioxidant activity of D. glomerata extracts. In fact, the phytochemical screening of Mangifera indica leaves powder 

before the start of this experiment revealed the presence of alkaloids, saponins, phenolics, tannins, flavonoids, and 

triterpenes which have been recognized to have antioxidant properties (Sen et al., 2010). 
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The results of the present study showed that the growth characteristics considered were comparable in all the 

treatments though improved values were recorded for animals that received MLP. These results are in agreement with 

those obtained by Chongsi et al. (2023) who after administration of Mangifera indica leaf powder in Brahma hens 

obtained a non-significant increase in feed consumption, body weight gain, average daily gain, feed conversion and feed 

efficiency. Likewise, Pasupathi et al. (2020) reported no significant difference for these characteristics in rabbits fed with 

Mangifera indica leaves (25 %). However, the feed intake disagrees with Arthenice et al. (2019) who registered a lower 

feed intake in male guinea pigs co-exposed to acetamiprid and 50 mg/kg BW of aqueous extract of M. indica leaves 

compared to the control group.  

Indeed, the quantity of feed consumed would have allowed all the animals especially those receiving the mango 

leaves to cover their maintenance and production needs, thus leading to an increase in the availability of nutrients after 

digestion and consequently the increase in live weight which is only a consequence of the increase in the reactions of 

anabolism. In addition, compounds with antimicrobial properties pathogenic to the digestive tract through their 

bactericidal and antifungal activities, while promoting the development of beneficial microorganisms would have 

facilitated the digestion, absorption and efficient digestion of nutrients (Idris et al., 2019) and increased weight gain and 

average daily gain, though not significantly. Indeed, it stands to reason that if Mangifera indica leaf powder induced a non-

significant increase in live weight gain in young guinea pigs, the same would be true for daily weight gain as there is a 

positive correlation between these two characteristics of growth. Moreover, this increase could be due to the androgenic 

properties possessed by mango leaves due to the presence of compounds such as flavonoids, phenols, and terponoids 

that they contain (Yadav et al., 2022). These are likely to stimulate the increase in muscle weight by synthesis and 

accumulation of muscle proteins. These results are similar to those obtained by Mohamadou et al. (2023) after 

administration of avocado seed powder in female cavies. On the other hand, the results obtained by Mba (2021) after 

using ginger powder as a feed additive in male guinea pigs are different. 

The conversion ratio being closely linked to feed consumption and weight gain, the variation of one and/or the other 

of these two parameters leads to that of the conversion ratio.  

Characteristics of carcass and relative weights of some organs in this study are similar to those reported by Zhang et 

al. (2017) in which, although carcass weight reflects weight gain data, abdominal fat, percent dressing and relative weight 

of meat cuts were not influenced by dietary treatments, as well as mango leaf extract supplementation. Their weights of 

carcass did not differ significantly (P>0.05) between chickens fed on treatment and control diets, which are in line with 

the findings of Odunsi (2005) in broilers fed with Mangifera indica L. seed kernel meal and Yibrehu et al. (2012) broilers 

given Magnifera indica L. fruit waste. Similar studies were carried out by Adu et al. (2020) on leaves of Syzygium 

aromaticum and seeds of Myristica fragrans which did not affect the relative weight of carcass cut in broilers. 

 
CONCLUSION 

 

At the end of this study, it may be concluded that supplementation of female guinea pig feed with Mangifera indica leaf 

powder at 1% can be a natural source of antioxidant to limit the impact of oxidative stress damages in their production 

performance particularly and farm animals in general, because improved values were mostly obtained at this level.  
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ABSTRACT: The paper examined the effect of climate variables on poultry production efficacy in Nigeria with 

emphasis on broilers and layers. Multi-stage sampling was used to select 401 poultry farmers who provided 

useful information with the aid of a questionnaire. Data were analyzed using descriptive statistics, and logit 

regression model. Result shows that free range accounted for 22.7%, battery cage 11.2%, deep litter 54.6%, 

and semi-free range 11.5% were notable systems of poultry rearing in the state. Heat stress 75.1%, reduced 

egg 99.8% and meat production 88.5%, and reduction in quality of eggs 51.9% were some of the climate 

change effects on poultry production. Adaptation strategies of poultry farmers include; proper housing system 

100%, proper feed formulation 99.8%, right stocking density 96.8% and adequate water and feed supply 

82.8%. Age, education, off-farm activities, size of poultry pen and poultry farming experience were important 

adaptation determinants of poultry farmers to climate change. High price of feed 100%, lack of access to credit 

services 77.1%, disease outbreak and parasites 100% and high cost of poultry inputs 99.5% constrained 

poultry farming. The study concludes that climate variables affect poultry farming. Farmers were 

recommended to practice climate smart poultry production to mitigate adverse effects. 

Keywords: Climate Change, Farm Efficacy, Poultry Farmers, Poultry Production 
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INTRODUCTION 
 

Poultry production is becoming the first priority in terms of protein sources and income opportunities for the involved 

poultry farmers. According to FAOSTAT (2023), poultry meat represents about 33% of the total global meat production in 

the world. This posits the relevance and importance of poultry production. However, poultry production across Africa and 

other world countries have been hit by climate change affecting production and supply of poultry products especially meat 

and eggs (Abioja and Abiona, 2021). The vulnerability of poultry production to climatic change in Nigeria in recent times 

has been overwhelming and worrisome to the poultry producers (Ahmad et al., 2022).  

It should be noted that poultry birds can only tolerate mild atmospheric and weather conditions, and recent variations 

in climate and weather condition had caused enormous fatality and high mortality rate in poultry production (World Bank 

Group, 2023). Studies have shown that the level of performance of birds depends on environmental conditions; such as 

rainfall, temperature, relative humidity and sunshine prevailing at a given time. Also, housing systems, ventilation of poultry 

houses and other management procedures have in recent times impacted negatively on poultry farming (World Bank 

Group, 2023). High temperature and humidity for instance, increases body temperature of poultry birds, decreases feed 

consumption and feed efficiency, and reduction in body weight and size, while high mortality and decrease in productivity 

and quality of eggs are caused by high and variant rainfall patterns (Zhang, et al., 2023). There are recent concerns that 

the ongoing global warming and climate change in Africa will have more negative impacts on the future growth and 

wellbeing of poultry birds.  

Thus, developing countries, in Africa, especially Nigeria is bound to face substantial risks in poultry production from 

climate change due to increased exposure and inadequate adaptive potentials (Attia et al., 2022). These outcomes 

created the gap in knowledge and induced the motivation for the study. 
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MATERIALS AND METHODS 

 

The study was conducted in Ebonyi State, Nigeria. The State has an estimated population of 3,242,500 persons. Multi-

stage sampling technique was used to select the poultry farmers. In the first phase, four local government areas (LGA’s) 

were picked from the agricultural zones (Ebonyi North, Ebonyi South, and Ebonyi Central), to make 12 LGA’s. The second 

phase involved the random selection of four autonomous communities making a total of 48 communities. The third 

phase had two villages picked at random from the communities to make 96 villages. In the final phase, 5 poultry farmers 

were picked to sum 480 farmers. Primary data were collected using questionnaire and out of the selected 480 poultry 

farmers, only 401 provided useful information for data analysis. Data were analysed using descriptive statistics, and the 

logit regression model.  The logit regression model is expressed as follows;  

Yi = log (p/1-p) = F (Xi,b) + e       ---------------     equation. 1 

i.e., 

The logit of a number p between 0 and 1 is given by;  

(p) = log (p/1-p) = log (p) = log (1-p)     --------------  equation. 2 

Where: 

P, is the probability, while (1- p) is the corresponding odds, and the logit of the probability is the logarithm of the odds. 

Yi = Observable dummy variable that indexes adaptation to climate change (Adapted =1, otherwise =0) 

F = Logistic cumulative distribution function 

b = Vector of estimated parameter 

Xi   = Independent variables considered, which include; 

X1 = Age (Years) 

X2 = Education (No of years spent in school) 

X3 = Household size (No of persons) 

X4 = Off-farm activities (Engaged =1, otherwise=0) 

X5 = Size of poultry pen (Meters) 

X6 = Access to livestock extension services (No of visits) 

X7 = Poultry farming experience (No of years) 

X8 = Participation in climate change workshop (No of times participated) 

X9 = Access to climate change information (Accessed =1, otherwise=0) 

X10 = Climatic events (Experienced =1, otherwise=0) 

e    = error term 

 

RESULTS AND DISCUSSION 

 

Socioeconomic characteristics of the poultry farmers 

The socioeconomic characteristics of the poultry farmers are presented in Table 1. The result shows that majority of 

the farmers 51.6% were between age ranges of 41-50 years with a mean of 48 years. This implies that the poultry 

farmers were young and in their productive age (Adeyemo et al., 2019). Majority of the poultry farmers, 75.8% were 

married, implying the dominance of married poultry farmers. Educational level of the poultry farmers shows that the 

farmers had different levels of education with majority, 39.9% in primary cadre. This means that the farmers attempted 

formal education, which could help in understanding of poultry management principles (Brown and Vivian, 2018). 

Household size shows that majority, 51.1% the poultry farmers had household size of 5-8 persons. This implies that the 

farmers had relatively large household size that could aid their poultry production in terms of family labour provisions. 

Majority of the poultry farmers 51.4% reared broilers, 40.1% reared layers, while 8.5% reared both broilers and layers. 

This implies the preference of broilers over layers among the poultry farmers (Castro et al., 2023). Majority of the poultry 

farmers, 94.8% belongs to cooperative societies. The poultry farmers recorded various levels of poultry farming 

experience with the majority 72.3% having between 21-30 year’s experiences.  

 

Methods of poultry rearing adopted by the farmers 

The methods of poultry rearing adopted by the farmers are presented in Table 2. The table shows that 22.7% 

practiced free range of poultry management, 11.2% battery cage system, 54.6% deep litter method, while 11.5% 

engaged in semi–free range method of poultry rearing. This implies that the most prominent method of rearing poultry in 

the state was the deep litter system, which does not require huge capital investment compared to battery cage (Cheng et 

al., 2022). In this system, birds are kept in large pens up to 250 birds in a house and the floor of the house covered with 

dry materials such as chopped straw, saw-dust, dried leaves, etc., which could be easily be replaced with new ones to 

enhance healthy management of the poultry birds (Evans et al., 2021). 
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Table 1 - Socio-economic characteristics of poultry farmers 

Variables Frequency Percentage 

Age 

20-30 20 4.9 

31-40 159 39.7 

41-50 207 51.6 

51-60 15 3.7 

Mean 48  

Sex 
Male  94 23.4 

Female 307 76.6 

Marital status 

Single 71 17.7 

Married 304 75.8 

Divorced 07 1.7 

Widowed 19 4.7 

Level of education  

Primary 160 39.9 

Secondary 139 34.7 

Tertiary 12 2.9 

Non formal 90 22.4 

Household size  

1-4 177 44.1 

5-8 205 51.1 

9-12 11 2.7 

13-16 08 1.9 

Mean 6.2  

Poultry reared  

Broilers 206 51.4 

Layers 161 40.1 

Both 34 8.5 

Cooperative membership  
Yes 380 94.8 

No 21 5.2 

Poultry experience  

1-10 21 5.2 

11-20 78 19.5 

21-30 290 72.3 

31-40 12 2.9 

Mean 26 -- 

*Multiple responses    

 

 

Table 2 - Methods of poultry rearing adopted by the farmers 

Methods of poultry rearing Frequency Percentage 

Free range  91 22.7 

Battery cage  45 11.2 

Deep litter  219 54.6 

Semi-free range  46 11.5 

Total  401 100 

* Multiple responses   
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Effects of climate change on poultry production 

The effects of climate change on poultry production are presented in Table 3. About 75.1% of the poultry farmers 

indicated heat stress (exceeding 41 oC) in poultry birds. This means that as temperature rises, chickens spend more time 

drinking water than consuming feed (Cheng et al., 2022). A high number of the poultry farmers 99.8% indicated drastic 

reduction (60%) in eggs produced. Empirical studies have revealed that high temperatures, intense sunrays, heat stress 

causes reduction in egg production (Castro et al., 2023). About 88.5% of the poultry farmers indicated reduced meat 

production (55%); rising temperatures causes poultry birds to consume less feed and concentrate in more water intake, 

this causes the birds to drop in weight and size (Evans et al., 2021). Furthermore, the table shows that the poultry 

farmers indicated 85% decline in income and profitability when compared to previous earnings (De-Sousa et al., 2023). 

Again 100% of the poultry farmers indicated a higher morbidity and mortality rate in poultry birds. Changes in 

temperature, relative humidity and rainfall patterns cause the outbreak of poultry diseases (coccidiosis) causing high 

death rate in poultry birds (Zhang et al., 2023). Increased in appetite of birds was indicated by 85.8%, while 51.1% of the 

poultry farmers indicated decreased in feed intake. This means that changes in precipitation such as increased rainfall 

causes poultry birds to consume more feed and drink less water and thus necessitating the provision of more poultry feed 

(Wasti et al., 2020). About 94.0% of the poultry farmers indicated high usage of drugs and vaccinations, this brings rising 

cost in farmers purchase of drugs and vaccinations administered to poultry birds (Sesay, 2022). Loss in body weight was 

indicated by 75.6%, rising temperatures causes poultry birds to consume less feed which leads to loss in body weight. 

Decrease in fodder/grain production was indicated by 51.6%, this result from unavailability of rainfall which hinders the 

optimal growth of fodder/grain used in poultry feed formulations (Wasti et al., 2020). About 90.0% of the poultry farmers 

reported increase in feed cost, which invariably resulted from a decrease in fodder/grain production causing a rise in cost 

of available poultry feeds (Shikwambana et al., 2021). Loss of strength and energy was observed by 76.1%. Invariably 

inability of the poultry birds to consume feed during high temperatures causes loss in strength and energy leading to body 

weaknesses and loss in feathers (Sesay, 2022). Sleepiness was indicated by 74.6%. Frequent rains result in extreme cold 

conditions in poultry environments which causes sleepiness. Also feather moult, mite infestation or worms can place an 

extra strain on their immune systems and induces sleepiness. Supply of poor quality chicks was indicated by 95.0%, 

changes in climate causes newly hatch pullets to shrink in body weight and size leading to sale and supply of poor quality 

chicks (Saeed et al., 2019). Change in taste of poultry meat and egg was indicated by 52.1%, implying that changes in 

climate and weather conditions cause a change in taste of poultry meat and eggs. 

 

Table 3 - Effects of climate change on poultry production 

Effects Frequency Percentage 

Heat stress in both house and outdoor flocks 301 75.1 

Reduced egg production 400 99.8 

Reduced meat production 355 88.5 

Reduction in quality of eggs 208 51.9 

Reduced income and profitability 401 100.0 

Higher morbidity and mortality rate 401 100.0 

Increased in appetite of birds  344 85.8 

Decreased in feed intake  205 51.1 

High usage of drugs and vaccinations  377 94.0 

Loss in body weight  303 75.6 

Decrease in fodder/grain production 207 51.6 

Rise in feed costs 361 90.0 

Cold proneness leading to shivering 187 46.6 

Loss of strength and energy (body weakness) 305 76.1 

Sleepiness 299 74.6 

Supply of poor quality chicks 381 95.0 

Change in taste of poultry meat and egg 209 52.1 

*Multiple responses   

 

Climate change adaptation strategies adopted by poultry farmers  

The climate change adaptation strategies adopted by poultry farmers is presented in Table 4. In Table 3, note that 

climate change negatively affected poultry production in the study area and this necessitated the adaptation strategies 
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and/ or measures deployed by the poultry farmers in mitigating these adverse effects on poultry birds. The table shows 

that all the poultry farmers adopted proper housing system. Proper housing allows for ventilation, cleaning, spacing and 

prevention of outbreak of disease in the pens (Salem et al., 2022). About 99.8% of the poultry farmers practiced proper 

feed formulation which includes essential nutrients required for optimal growth (Sabry et al., 2023). Right stocking 

density was adopted by 96.8%, this prevents transference of outbreak of diseases occasioned by climate change. About 

82.8% adopted adequate water and feed supply; this involves the provision of adequate water and feed during the dry 

season to cushion heat stress (Osuji, 2019). Similarly, result shows that the poultry farmers practiced prompt vaccination 

of their birds as a strategic way of combating the effects of climate change (Pepper and Dunlop, 2021). About 51.9% of 

the poultry farmers adopted the use of resistant and improved varieties of pullets. Ensuring adequate ventilation was 

adopted, this ensures that the poultry pens and houses are well ventilated enough to prevent heat stress (Olutumise, 

2023). The use of efficient energy bulbs was adopted by 64.1%. Use of energy bulbs emit less heat and promote healthy 

poultry environment. Raise of broods and sell was practiced by 77.6% of the poultry farmers; this involves the rearing and 

sale of early broods to avert the incidence of changing climate. Tree planting around poultry house was adopted by 92.0%, 

this involves the intentional planting of trees around poultry houses to provide shade thereby reducing heat stress 

(Olutumise, 2023). Similarly, the table reveals that 97.8% of the poultry farmers adopted prompt routine management 

services (FAOSTAT, 2023). Keeping of birds and other livestock was adopted by 77.8% of the poultry farmers; this involves 

a diversification method of averting the negative effects of climate change on poultry enterprise. Consultation of 

veterinary services was adopted by 74.8%, this involves the use of veterinary services in responding to the changing 

climate. Interestingly, these adaptation practices mitigated adverse effects of climate change on poultry birds and further 

enhanced poultry production in the area. 

 

Table 4 - Climate change adaptation strategies adopted by poultry farmers  

Adaptation strategies Frequency Percentage 

Proper housing system 401 100.0 

Proper feed formulation 400 99.8 

Right stocking density 388 96.8 

Adequate water and feed supply 332 82.8 

Outright sale of early maturing birds 390 97.3 

Prompt vaccination 376 93.8 

Rearing of poultry varieties 208 51.9 

Ensuring adequate ventilation 401 100.0 

Use energy efficient bulb 257 64.1 

Raising of broods and sell 311 77.6 

Tree planting around poultry house 369 92.0 

Prompt routine management  392 97.8 

Keeping of birds and other livestock’s 312 77.8 

Consultation of veterinary services 300 74.8 

* Multiple responses   

 

Adaptation determinants of poultry farmers to climate change 

The adaptation determinants of poultry farmers to climate change are presented in Table 5. The logit regression 

model was used in preference of other models because of its simplicity in handling binary values such as (1, 0). The table 

shows that age is positive and significant at 1% level. This implies that increasing age of the farmers increases likelihood 

capacity in adapting to climate change (Abioja and Abiona, 2021). Education is positive and significant at 1% level. This 

implies that the adaptation strategy to climate change is greater for those that have higher educational attainment 

compared to less-educated or illiterate farmers (Adeyemo et al., 2019). Off-farm activities were positive and significant at 

5% level. This implies that farmers who engage in off-farm activities are more likely to adapt to climate change (Ahmad et 

al., 2022). Size of poultry pen was positive and significant at 10% level. This implies that as poultry pen size increases, 

adaptation to climate change increases too. Poultry farming experience was found positive and significant at 1% level. 

Experienced poultry farmers adapt more easily to climate change than inexperienced ones (Attia et al., 2022). 

Participation in climate change workshops was positive and significant at 5% level. This implies that increased 

participation in climate change workshops increases the likelihood of poultry farmers to adapt to changing climate 

(Aroyehun, 2023). Climatic events were positive and significant at 5% level. This means that the devastating effects of 

climate change on poultry enterprise increases the likelihood of the poultry farmers to adapt to climate change.  
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Table 5 - Adaptation determinants of poultry farmers to climate change 

 

Variables Coefficients t-values Std. Error 

Constant 0.7019 1.6001* 0.4387 

Age  19.0058 4.1043*** 4.6307 

Education 0.0889 3.8300*** 0.0232 

Household size -10.0255 -0.3051 32.859 

Off-farm activities 24.9602 4.1131*** 6.0684 

Size of poultry pen 0.6909 1.8901* 0.3655 

Access of livestock extension services -0.7803 -0.0650 12.005 

Poultry farming experience 7.0501 3.0195*** 2.3349 

Participation in climate change workshops 15.4350 2.0017** 7.7109 

Access to climate change information -0.6784 -1.2194 0.5563 

Climatic events 20.0008 2.5011** 7.9968 

R2 0.8699   

F-value 170.305***   

***p < 0.001; **p < 0.01; *p < 0.05    

 

 

Constraints encountered in poultry production 

The constraints encountered in poultry production are presented in Table 6. According to the table, high price of feed 

was indicated by all the poultry farmers (Brown and Vivian, 2018). About 77.1% of the poultry farmers indicated lack of 

access to credit services, this implies that the poultry farmers were unable to access credit facilities to purchase more 

poultry inputs (Castro et al., 2023). Disease outbreak and parasites was indicated by all the poultry farmers, this implies 

that the farmers experienced outbreak of disease and parasites that affected their poultry enterprise negatively. High cost 

of poultry inputs was indicated by 99.5% (Cheng et al., 2022). About 96.5% indicated inadequate extension services; this 

implies that the farmers had poor information dissemination. High cost of poultry drugs and vaccines was indicated by 

85.8% (Evans et al., 2021). Other constraints faced includes, weather and climate change issues 97.0%, lack of 

government incentives 97.5%, high cost of improved bird varieties, 94.8% and unfavorable price fluctuations, 88.5%. This 

generally implies that these identified factors negatively affected poultry production and severely reduced both output and 

farm income of the poultry farmers (Wasti et al., 2020). 

 

Table 6 - Constraints of poultry farming  

Constraints Frequency Percentage 

High price of feed 401 100.0 

Lack of access to credit services 309 77.1 

Disease outbreak and parasites 401 100.0 

High cost of poultry inputs 399 99.5 

Inadequate extension services 387 96.5 

High cost of poultry drugs and vaccines 344 85.8 

Weather and climate change issues 389 97.0 

Lack of government incentives 391 97.5 

High cost of improved bird varieties 380 94.8 

Unfavorable price fluctuations   355 88.5 

* Multiple responses   

 

CONCLUSION 

 

The findings of the study reveal that climate change had adverse effects on poultry production and its manifestations 

include; rising feed cost 90.0%, cold proneness 46.6%, body weakness 76.1%, and sleepiness 74.6%, and poor-quality 
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chicks 95.0%. Age, education, off-farm activities, size of poultry pen and poultry farming experience were important 

significant adaptation determinants of poultry farmers to climate change. Weather and climate change issues 97.0%, lack of 

government incentives 97.5%, high cost of improved bird varieties 94.8% and unfavorable price fluctuations 88.5% were 

identified poultry constraints. The study concludes that climate variable affects poultry farming. Farmers were 

recommended to practice climate smart poultry production to mitigate its adverse effects and boost poultry production in 

the state. 
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ABSTRACT: Several herbal plants have demonstrated remarkable efficacy in modulating the morphology of 

the gut, leading to improved nutrients absorption, enhanced growth, and reduced susceptibility to 

diseases.  Aim of this study was to investigate the effects of different levels of coriander seed powder (CSP; 

0% as T1, 1.5% as T2 and 3.5% as T3) in modulating broiler chickens gut morphology. A total of 180 one-day-

old broiler chicks were randomly allocated into 3 treatment groups 60 chick/group in 3 replicates. The trial 

was designed according to a completely randomized design for 45 days. The histomorphology of duodenum, 

jejunum and ileum [villus height (VH), villus width, crypt depth (CD) and villus height to crypt depth; VH:CD 

ratio] were investigated. The result showed a significant increase (P<0.01) of villus height in two treatments 

(1.5% and 3.5%) as compared to control in all segments. Moreover, the significant increase (P<0.01) on 

VH:CD ratio is observed between treatments as compared to control in ileum and dietary use of 3.5% CSP 

had significant effects on the jejunum and duodenum as compared to the control group. In conclusion, the 

application of CSP at 1.5% and 3.5% had a positive effect on villus height and VH:CD ratio of all segments. 

However, further research is required to understand the precise mechanisms underlying medicine plant 

effects as well as what the ideal percentage for each plant will be added for a best positive effect on 

performance. 

Keywords: Broiler chicken, Coriander Sativum, Gastrointestinal functions, Gut Morphology Herbal additives.  
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INTRODUCTION   
 

The poultry production industry at a global scale has experienced significant growth and fluctuations in order to meet the 

increasing demand in recent years. Conversely, there has been a notable rise in both public demand and scientific interest 

for poultry production, specifically in relation to feeding practices involving medicinal botanicals (Jyotsana and Berwal, 

2019). Apart from individual herbal plants, herbal blends have also emerged as promising alternatives for gut health 

modulation (Stefanello et al., 2020; Pham et al., 2022). The synergistic effects of herbal blends/mixtures can lead to even 

more pronounced improvements in gut morphology and overall broiler (Abudabos et al., 2018; Giannenas et al., 2018). 

This effect duo to multiple properties of these plants as anti-inflammatory, antioxidant, and antimicrobial activities 

(Windisch et al., 2008; Momin et al., 2012; Ulrikh et al., 2022). 
One such botanical of interest is coriander (Coriandrum sativum L.), is an umbelliferous annual plant of parsley 

family, native of eastern Mediterranean and Southern Europe, but is extensively cultivated in North Africa (Ahmad et al., 

2016). The whole dried seeds are ground and widely used as condiment or spice in the Mediterranean region and known 

as medicinal plants (Stefanaki and van Ande, 2022). Seeds are also employed to flavor foods like fish and meat, bakery 

and confectionery products due to antioxidant effects (Lin et al., 2022). The therapeutic properties and nutritional values 

of coriander seeds are due to the presence of many bioactive compounds such as monounsaturated fatty acids, especially 

of petroselinic and linolenic acids, flavonoids, β-carotene, phenolic compounds and volatile compounds (Bhat et al., 

2014). These constituents play a crucial role in modulating the gastrointestinal environment of broiler chickens, thereby 

enhancing their feed digestion and overall utilization lead to increased growth performance (Ahmad et al., 2016). A study 

conducted by Khubeiz and Shirif (2020) has enhanced the increased immunity and dressing without skin percentage by 

adding seed powder 150g /1kg basal diet.   
Since the small intestine has an essential role in the nutrient absorption and assimilation; therefore, the proper 

structure and function of the intestine is critical for poultry health and performance (Montagne et al., 2003; Othman et al., 

2022). Based on these reports, the objective of the present study was to investigate the effects of application of three 

levels of coriander seed powder in various gastrointestinal morphometric.  A specific emphasis is placed on the utilization 

of herbal plants as a supplement in poultry feed. 
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MATERIAL AND METHOD  

 

Chickens and experimental designs 

The trial designed according to a completely randomized design to determine the effect of dietary use of coriander 

seed powder (CSP) on growth performance and the morphological changes of the intestinal parts parameters of 

(duodenum, jejunum and ileum) of broiler chickens reared in clean pens fitted with deep litter under a standard hygienic 

condition. One hundred sixty Ross 308 chickens were allocated in three different treatments/experimental groups; 

0.0%T1, 1.5%T2, and 3.5%T3 plus the basal diet. Experimental diets (starter and finisher) were used in this trial according 

to the National Research Council (NRC) regulations (1994) and standard to meet the chickens’ daily requirements. The 

ingredients and chemical composition of the experimental diets are presented in Table 1. Each treatment group involves 

60 chickens in three replicate and each replicate has 20 chickens.  

 

Samples collection 

On the day 45, 6 chicks from each treatment were slaughtered, then, 3 cm lengths of duodenum (midpoint of the 

pancreatic loop), jejunum (midpoint of jejunum) and ileum (5 cm after diverticulum vitellinum) immediately after sample 

were cut the physiological saline was used to flush the sample in order to remove the lumen content. All samples were 

placed in individually labeled flasks containing 10% buffered formalin for fixation. Samples for histology were dehydrated 

in graded concentrations of ethyl alcohol (70%, 80%, 95%, 96% and 100%), cleared in xylene, and embedded in paraffin.  

After trimming, 5μm thick section of the samples was cut using a rotary microtome machine, each sample was placed 

onto a glass slide and dried then stained with hematoxylin-eosin and examined by Semi-light microscopy (2000) 

according to method of Hashemi et al. (2014). The intestinal morphometric variables, villus height, crypt depth and villus 

height: crypt depth ratio was evaluated in the duodenum, jejunum and ileum. Histological examinations were carried out 

according to the method of Iji et al. (2001). Histological sections were examined under magnification 2.5 X of light 

microscope and software for image analysis (Java image processing program inspired by NIH Image for the Macintosh) 

(Perić et al., 2015). Villus height was measured from the tip of the villi to the base between individual villi, and crypt depth 

measurements were taken from the valley between individual villi to the basal membrane.   

21 version and significance was considered at P<0.05 and P<0.01 for analysis of variance.  Preliminary analysis of data 

has been done by using a general linear model. Normality test was applied on all data residuals.  Subsequent test used by 

Tukey’s for comparing mean values of the variables (for more than two means). 

 

Table 1 - Ingredients and chemical analyses composition of the starter and finisher diets 

Ingredients (kg/1000kg) Starter Finisher 

Yelow corn 470 522 

Wheat 150 150 

Soyabean (CP 47%) 322 265 

Corn oil 10 15 

Ground limestone 7.2 7.2 

Salt 2.8 2.8 

Vitamin and mineral premix 38 38 

Total 1000 1000 

Calculateded Chemical analysis of diet (%) 

Metabolizable energy (ME) 2930 2996 

Crude protein (CP) 21.6 20 

Ether extract (E E) 3 3 

Crude fiber (CF) 3 3 

Calcium 1 1 

P (available) 0.4 0.40 

Lysin 1.25 1 

Methionin 0.50 0.46 

Threonine 0.76 0.64 

Tryptophan 0.25 0.23 

Argenin 1.42 1.29 

Valin 1.08 0.99 
*Source: Two experimental diets (starter and finisher) were set by Al-Maraie Company according to the National Research Council (NRC) 

regulations (1994) and standard to meet the chickens’ daily requirements. 

 

 

Statistical analysis 

Calculations and statistical analyses were carried out for all data by using Microsoft Excel (spreadsheet) and Minitab 
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RESULTS 

 

In the study conducted by Khubeiz and Shirif (2020), the findings indicated that the addition of coriander seed powder at 

various levels did not have a significant effect (P>0.05) on the growth performance or mortality rates of the chickens 

throughout the experimental period. In the present study, the effect of coriander seed powder was evaluated on gut 

morphology, as completive work.  

The mean villus height, crypt depth and villus height/crypt depth ratio of intestinal gut (duodenum, jejunum and 

ileum) of different groups are presented in Tables 2, 3 and 4 respectively. Representative intestinal histomorphology of 

different groups is shown in Figure 1. 

The villus heights and villus width of duodenum were significantly (P<0.01) improved with the application of CSP at 

the two levels (1.5% and 3.5%) as compared to the control. Moreover, the villus heights/crypt depth ratio were 

significantly (P<0.05) increased only at the level of 3.5% as compared to the control. The Crypt depth of duodenum was 

significantly (P<0.01) increased only when the application rate of CSP at 1.5% as compared to 3.5% and the control as 

shown in Table 2. 

The villus height of jejunum was significantly (P<0.01) increased as the application of CSP levels were increased and 

the rate of increases were similar for the both levels (1.5% and 3.5%). Moreover, the villus height/crypt depth ratio was 

significantly (P<0.01) augmented when the rate of CSP was applied at 3.5% as compared to the control.  Whereas, the 

crypt depth of jejunum and the villi width of jejunum were not significantly affected (P>0.05) with the application of CSP 

at the two treatment levels as compared to the control as illustrated in Table 3. 

The villus heights of ileum were remarkably (P<0.01) improved when the diet was fortified with CSP at 1.5% and 

3.5% and the great improvement was observed at 1.5% as compared to 3.5% and control.  Moreover, the villus width of 

ileum was significantly (P<0.01) increased at 1.5% as compared to 3.5% and the control. Whereas, the villus height/crypt 

depth ratio was significantly (P<0.01) increased at 1.5% and 3.5% where the rate of increases was similar for both 

treatment levels (1.5% and 3.5%). However, the crypt depth of ileum was not changed (P>0.05) in all treatment levels 

(0%, 1.5% and 3.5%) respectively as presented in Table 4. 

 

Table 2 - Effect of the additional different levels of CSP to the broiler chicken diets on duodenum at 45 days of age. 

Dependent variable (µm) Control 1.5% CSP 3.5% CSP SEM P-Value 

Villus height of duodenum 1150.2b 1448.3a 1459.8a 15.0 ** 

Crypt depth of duodenum 194.9c 235.1a 215.3b 2.90 ** 

Villus width of duodenum 189.6b 233.3a 228.2a 3.47 ** 

Villus height/crypt depth ratio 6.5b 6.8ab 7.2a 0.127 * 
a, b and c: Means with different superscripts in the same row were significantly different at P<0.05. **: (P<0.01). SEM: standard error of means. CSP: coriander seed 

powder  

 

Table 3 - Effect of offering different levels of CSP to the broiler chicken diets on jejunum at 45 days of age. 

Dependent variable (µm) Control 1.5% CSP 3.5% CSP SEM P-Value 

Villus height of jejunum 601.9b 833.3a 817.2a 10.9 ** 

Crypt depth of jejunum 157.4a 174.6a 175.8a 2.92 NS 

Villus width of jejunum 221.6a 208.0a 198.8a 3.55 NS 

Villus height/crypt depth ratio J 4.3b 4.9ab 5.3a 0.10 ** 
a, b and c: Means with different superscripts in the same row were significantly different at P<0.05. **: (P<0.01). SEM: standard error of means. CSP: coriander seed 

powder 

 

Table 4 - Effect of application of different levels of CSP to the broiler chicken diets on ileum at 45 days of age. 

Dependent variable (µm) Control 1.5% CSP 3.5% CSP SEM P-Value 

Villus heights of ileum 369.3c 750.0 a 599.5b 13.7 ** 

Crypt depth of ileum 148.0a 159.1a 145.4a 2.39 NS 

Villus width of ileum 189.4b 226.1a 167.5b 4.84 ** 

Villus height/crypt depth ratio I 2.6b 5.0a 5.0a 0.12 ** 
a, b and c: Means with different superscripts in the same row were significantly different at P<0.05. **: (P<0.01). SEM: standard error of means. CSP: coriander seed 

powder. 
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Figure 1 – Effect of coriander seed powder (CSP) on gut morphology of duodenum villi (A= 3.5% treatment: B= 1.5%, 

treatment; C= 0% treatment). Morphology of jejenum villi (D= 3.5% treatment; E= 1.5% treatment; F= 0% treatment). 

Morphology of ileum villi, G= 3.5% treatment; H= 1.5% treatment;  I= 0% treatment). Histological sections were examined 

under magnification 2.5 X by Stemi light microscope.  

 

DISCUSSION 

 

The application of coriander seed powder at 1.5% and 3.5% pulse the basal diet showed great augmentation of villus 

heights of the duodenum, jejunum and ileum as compared to control, which was in same line (Al-Tememy et al., 2011; 

Ghazanfari et al., 2015; Gurram et al., 2022). These results, in agreement with other studies, revealed the significant 

increase of jejunum villus height and villus height to crypt depth (VH: CD) ratio (Reuben et al., 2021; Othman et al., 2022) 

by adding herbal plants. This finding confirms the intestinal gut influence by active compounds present in diet. The main 

component of coriander oil, linalool, promotes increase in broiler villi height, and therefore, may enhance the activity of 

digestive enzymes, leading to change of its morphology (Misharina, 2001). Longer villi are associated with activated cell 

mitosis. It is assumed that increased villus height is paralleled by enhanced digestive and absorptive functions of the 

intestine due to larger absorptive surface area and higher expression of brush border enzymes and nutrient transport 

systems, which could influence intestinal morphology (Yamauchi, 2002). This result of increasing height of villus by 

adding fermented herbal plants was supported by Lokaewmanee et al. (2012) findings. Whereas there were no significant 

effect on jejunum crypt depth and these results were in agreement with other studies (Reuben et al., 2021; Gurram et al., 

2022; Othman et al., 2022) by supplement with medical plant that opposite to finding revealed by Sholiha et al. (2023) 

added coriander to basal diet. Short villus and deep crypts may lead to poor nutrient absorption, increased toxin secretion 

in the gastrointestinal tract, and worse performance (Montagne et al., 2003) this could be attributed to either the 

A B C 

D 

G 

E F 

H I 



Online J. Anim. Feed Res., 14(3): 204-210. 

 

 

208 

concentration levels added of herbs to the diet or due to chemical composition of basal diet, which contain anti nutritive 

factor as lignin, trypsin or phytates lead to reduce digestibility of other important nutrient (Brenes and Roura, 2010). In 

contrast, this result revealed that increases in VH: CD ratio is an indicator of the likely digestive capacity of the small 

intestine, which correlated with improved epithelial cell turnover this result was corresponding with Amad et al. (2013); 

Ghazanfari et al. (2015); Khan et al. (2020); Adegbeye et al. (2020); Reuben et al. (2021); Gurram et al. (2022).  So, the 

increase in this ratio corresponds to an increase in digestion and absorption as well as reduced levels of pathogenic 

bacteria and may enhance immune status. The significant effect on VH: CD ratio may be related to antimicrobial and 

immune-modulating activities of coriander (Taha et al., 2019; Ulrikh et al., 2022). This result supported by Oso et al. 

(2019) that adding phytogenic blend to chicken diet. On the other hand, a non-significant effect in VH: CD ratio was 

agreed by Sholiha et al. (2023) which is indicative of a higher rate of enterocyte-cell migration from the crypt to the villus 

and poor absorption of nutrients. It is related to stress factor as ambient temperature leads to reduced growth 

performance of chickens (Welay et al., 2023) or due to secondary metabolites. A Recent study by Lin et al. (2022) 

revealed that the light quality and intensity influenced plant growth and secondary metabolites. These findings suggest 

that coriander has a positive impact on intestinal morphology in poultry, potentially contributing to improved gut health 

and overall performance. 

 

CONCLUSION  

 

The summarized conclusion of the current study revealed that the application of CSP at 1.5% and 3.5% had a positive 

effect on villus height of duodenum, jejunum and for the ileum was observed at 1.5% as compared with control and 

3.5%.  Moreover, the villus height/crypt depth ratio of duodenum and jejunum was at 3.5% and in the ileum were at 1.5% 

and 3.5% respectively. The dietary supplementation of coriander seed had a significantly positive effect on gut 

morphology in all segments of intestinal gut which this effect may enhance growth performance in broiler chickens. 

Future research should focus on exploring potential mechanisms underlying the observed change, as well as investigating 

the impact of coriander additives on other aspects of poultry health and performance. 
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ABSTRACT: Over the years, an anomaly has been observed in newborn lambs, manifesting itself as a 

curvature in their posture and a slight dampness in the navel, known by the locals as "pupote". For this 

reason, the present study was carried out to document and present for the first time to the scientific 

community an anomaly of the urachus in sheep and its incidence. In the sampling process, five lambs who 

died of starvation were selected. The specimens were transported to the Animal Health Laboratory of the 

Faculty of Zootechnics of the National University of Central Peru. Radiographic analyses were carried out 

there. Then the incidence was found in the collected records. The incidence of the anomaly is an average of 

0.825±0.09%. This case highlights the persistence of urachus in newborn lambs, evidenced by the 

identification of a ligament that establishes a connection between the umbilicus and the liver. Specifically, 

the ligament identified in the described anomalies corresponds to the ligamentum teres. 

Keywords: Congenital disease, Ligament of the liver, Pupote, Sheep breeding, Urachus.  
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INTRODUCTION   
 

A Chilean livestock complex stands out as a pre-eminent player in the sheep production sector, housing a considerable 

population of around 60,000 sheep (Valenzuela et al., 2019; Carhuas et al., 2022). Its role in Peruvian livestock farming is 

of significant economic relevance. It originated as a cooperative of surrounding communities, and later consolidated 

under the Agrarian Reform Law, as an Agrarian Society of Social Interest (SAIS) (Hurtado, 2020). Given the considerable 

magnitude of sheep production in this entity, several diseases and rare cases have been recorded that deserve attention 

from the scientific community. 

The characterization of the patent urachus is established by the permanence of the tubular connection between the 

urinary bladder and the umbilicus after the delivery process, as has been noted by previous studies (Buddha et al., 2019; 

Wilson et al., 2019; Shi et al., 2022). Throughout the gestational period, this phenomenon plays a crucial role in 

facilitating the drainage of the bladder into the allantoic sac, as documented by Perondi et al. (2020). This process proves 

to be an essential component in the understanding of fetal physiology, establishing a structural connection that persists 

beyond birth and thus contributes to physiological dynamics during prenatal and postnatal development. 

After birth and subsequent rupture of the umbilical cord, the urachus is expected to close, allowing urine to pass 

through the urethra (Steiner and Lejeune, 2009). In situations of patent urachus, a constant dribbling of urine from the 

umbilical stump is evident (Naiem et al., 2022). The process of involution of the umbilical arteries, which connect the 

internal iliac arteries to the placenta, results in their transformation into the round ligaments of the bladder (Sarmiento et 

al., 2021). For its part, the umbilical vein, establishing the connection between the placenta, the liver, and the porta cava, 

regresses to become the round ligament of the liver within the falciform ligament (Mottet et al., 2017).  

This anatomical phenomenon, on which the present review is based, highlights the importance of the urachus in the 

perinatal context and its anatomophysiological repercussions according to the current scientific literature. 

 

CASE PRESENTATION 

 

The study was carried out in the company "SAIS Pachacútec S.A.C", in the facilities of the Production Unit: Corpacancha 

(11O21'46'' S; 76O13'11'' W), located in the district of Marcapomacocha, Province of Yauli, Junín Region - Peru (Figure 
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1). In Peru, especially in large livestock companies such as SAIS, lambing usually begins in November. This company 

belongs to the livestock sector, producing more than 60,000 sheep of the Corriedale breed (Carhuas et al., 2023), 17,000 

alpacas, and 4,000 cattle. 

During the sampling process, five lambs that had died of starvation and exhibited the anomaly were selected. All of 

them had similar weights, belonged to the Corriedale breed, and were offspring of ewes from the cattle section, with a 

dental age of "4D." All lambs were disinfected with iodine at birth and their first lactation was ensured by the "huateros" 

(field personnel in charge of ensuring the first lactation of the rejected lambs). To evaluate the incidence, lambing records 

were collected for the 2023 lambing season from the Corpacancha, Santa Ana, and Conocancha production units. 

We proceeded to identify lambs with peculiarities in their birth and physiology, manifesting themselves as hunched 

neonates (Figure 2a), without evidence of fever and with a slight dampness in the umbilicus. Subsequently, the deceased 

lambs identified with the aforementioned peculiarities underwent an autopsy (Figure 2b) which confirmed the reason for 

their death, known since the 1980s by the workers as "pupote". This term refers to lambs that, on post-mortem 

examination, showed a ligament connecting the liver to the umbilicus, characterized by a hunched posture and listless 

behavior. After that, the specimens were kept in a refrigerated thermal box for transport to the Animal Health Laboratory 

of the Faculty of Animal Science of the Universidad Nacional del Centro del Perú. In this phase, radiographic analyses 

were carried out with the El Detector Careray equipment (Figure 2c), using analog radiography to obtain images that 

facilitated the detailed description of the pathology.  

Finally, a thorough autopsy was performed, during which tissues, veins, ligaments, and organs were identified and 

examined. This was done with the support of the research group to ensure proper identification and description of the 

anomaly. 

 

 

 
Figure 1 - Location of the study; a. map of Peru by region (green color, shows the Junín region); b. map of the Junin region 

(yellow color, shows the province of Yauli). District of Marcapomacocha; c. Satellite image, shows the study site, which 

belongs to the SAIS "PACHACUTEC" SAC - U.P. Corpacancha. 
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Figure 2 - Study procedure. A. Lambs identified by their hunched morphology and apathetic behavior; b. Autopsy to check 

for the presence of the abnormality; c. Careray Detector; d. Analogue radiograph of the lamb in lateral recumbency; e. 

Analogue radiograph of the lamb in dorsal decubitus. 

 

DISCUSSION 

 

The incidence of the anomaly averages 0.825 ± 0.09 % (Table 1) show similarities with the findings reported in Canada, 

where incidental incidences of urachal anomalies were recorded in a pediatric center caring for newborns (Gleason et al., 

2015). There is also agreement with previous studies addressing this issue in infants, such as the work of Chiarenza et al. 

(2009). Similarly, our results are consistent with those of Dhillon et al. (2015), who claim that urachal abnormalities do 

not exceed 1% of the population. A comprehensive review of the literature evidences, through parenthetical citations, 

consistency in the paucity of reported cases of persistent urachus (Hirose et al., 2017; Rojas-Quintero et al., 2023;), 

underscoring the infrequency of this condition. Diagnostics and some treatment approaches, such as surgical incisions 

via laparoscopy and cauterizations (Sarmiento et al., 2021), appear to be the best options. These results highlight the 

importance of undertaking comprehensive longitudinal studies in the future, as indicated by Wilson et al. (2019). 

The results obtained from the analog radiographs revealed the presence of the anomaly, commonly referred to by 

villagers as "pupote", in the lambs submitted for analysis and positioned in dorsal recumbency (Figure 3a,b). In contrast, 

an X-ray of a lamb without the above-mentioned anomaly, which was in the lateral decubitus position, was included. For 

ease of comparison, Figure 4 illustrates both a lamb with the presence of the anomaly (Figure 4a) and a lamb with 

uncomplicated natal development (Figure 4b). 

The clinical manifestations identified corroborated the diagnosis of persistent urachus. In the analysis, the presence 

of transitional epithelium in the inner layer was evident (Figure 5a), corresponding to the same type of epithelium 

characteristic of the tunica interna of the urinary bladder, as established by Bacha and Bacha (2001), Zamora (2006), 

and Del Cid et al. (2023). Persistence of the urachus, which results in the non-complete obliteration of this structure after 

birth, may be due to various causes (abnormal development, genetic, urachal regression problems, and environmental 

factors; Cappele et al., 2001; Gelikman et al., 2023). It is important to note that persistent urachus can vary in severity 

and presentation, and is not always associated with significant health problems. However, in some cases, it may 

predispose to urinary tract infections or other urinary tract complications (Kim et al., 2021). Moreover, to explain the 

detected anomaly, the configuration of the systemic venous system has been the subject of analysis by several scholars 

(CFW, 1925; Beaubien-Souligny et al., 2020; Ziętek, 2022), who have sought to understand the anomaly present in the 

connection between the umbilicus and the liver. One possible explanation for the formation of this anomaly is visualized 

in Figure 4a. It is postulated that, during the early stages of embryonic development, the venous system is characterized 

by the persistence of the left vitelline venous connection to the liver (Azuma et al., 2002). Later, the left vitelline vein 

disappears, and blood from the placenta is redirected to the right sinus horn (Hikspoors et al., 2017; Terasaki et al., 

2020), apparently giving rise to the presence of the round ligament of the liver (ligamentum teres).  
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Terasaki et al. (2020) mentioned that surgeons should be aware of portal and hepatic vein anomalies in patients 

with alterations in the ligamentum teres, as this could carry significant risks. Persistent urachus in sheep is a rare 

phenomenon that has been identified as an exceptional anatomical case. The urachus, a tubular structure that connects 

the urinary bladder to the umbilicus during fetal development, normally closes after birth, forming the umbilical ligament 

(Ziętek, 2022). However, this case report highlights an unusual variation in which a persistent ligament connecting the 

umbilicus to the liver is observed in newborn lambs identified as ligamentum teres, which, from the literature reviewed, 

lambs with persistence of the urachus have this persistence of the ligamentum teres (Figure 5b). Clarifying the 

terminology used by the field shepherds of "Pupote". 

 

Table 1 - The incidence of the anomaly averages  

Place* Lambs born (n) 
Lambs with the presence of 

the anomaly (n) 
Incidence 

U.P. Corpacancha 10501 98 0.933 

U.P. Conocancha 3502 26 0.742 

U.P. Santa Ana 3004 24 0.799 
Explanatory notes: *epidemiological units. 

 

 
Figure 3 - Analogue radiographs of three lambs. a. Analogue radiograph of lamb in dorsal recumbency (lamb with 

abnormality); b. Analogue radiograph of lamb in dorsal recumbency (lamb with abnormality); c. Analogue radiograph of 

lamb in lateral decubitus (lamb without abnormality). 

 
 

 
Figure 4 - Autopsy of two lambs. (a) Autopsy of lamb with abnormality; (b) Autopsy of normal lamb. 
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Figure 5 - Identification of the abnormality. a. Lamb with persistent urachus, ligamentum teres present; b. Identifying the 

components observed in the Lamb. 

 

 

CONCLUSION  
 

This “pupote” case highlights the persistence of urachus in newborn lambs, evidenced by the identification of a ligament 

that establishes a connection between the umbilicus and the liver. Specifically, the ligament identified in the described 

anomalies corresponds to the ligamentum teres. The incidence of persistent urachus, represented by persistent 

ligamentum teres, in neonatal lambs is 0.82%. This condition is classified as a congenital disease, possibly influenced by 

several factors, including abnormal development, genetic factors, problems in urachal regression, and environmental 

variables. 
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e. Abbreviations (used in the manuscript) 

f. INTRODUCTION 

g. MATERIALS AND METHODS 

h. RESULTS 

i. DISCUSSION                                                 The sections "RESULTS AND DISCUSSION" can be presented jointly. 

j. CONCLUSION                                                The sections "DISCUSSION AND CONCLUSION" can be presented jointly. 
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k. DECLARATIONS 

l. REFERENCES 

m. Tables 

n. Figures 
 

Article Sections Format 

Title should be a brief phrase describing the contents of the paper. Title Page should include full names and affiliations of the 
author(s), the name of the corresponding author along with phone and email information. Present address(es) of the author(s) 
should appear as a footnote. 
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, 
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length. 
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense. 
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited. 
Following the abstract, about 3 to 7 key words should be listed.  
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach 
or solution. It should be understandable to colleagues from a broad range of scientific disciplines. 
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures 
should be described in detail; previously published procedures should be cited, and important modifications of published 
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings 
should be used. Methods in general use need not be described in detail. 
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in 
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but 
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the 
results but should be put into the discussion section. 
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the 
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when 
appropriate, both sections can be combined. 
Conclusion should be brief and tight, providing a few specific tasks to accomplish: 1-Re-assert/Reinforce the Thesis; 2-Review the 
Main Points; 3-Close Effectively. The Conclusion section should not be similar to the Abstract content.  
Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and 
materials are necessary. 
Acknowledgments of persons, grants, funds, etc should be brief. 
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced 
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic 
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of 
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not 
be presented in both table and graph forms or repeated in the text. 
The Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications 
capable of generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use 
Arabic numerals to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include 
sufficient description so that the figure is understandable without reading the text of the manuscript. Information given in legends 
should not be repeated in the text. 

 
DECLARATIONS  

Please ensure that the sections: Ethics (and consent to participate), Consent to publish, Competing interests, Authors' 
contributions, and Availability of data and materials are included at the end of your manuscript in a Declarations section. 
 

Consent to Publish 

Please include a ‘Consent for publication’ section in your manuscript. If your manuscript contains any individual person’s data in 
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of 
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your 
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may 

request to see a copy at any stage (including after publication). If your manuscript does not contain any individual person’s data, 
please state “Not applicable” in this section. 
Authors’ Contributions 
For manuscripts with more than one author, OJAFR requires an Authors' Contributions section to be placed after the Competing 
Interests section. An 'author' is generally considered to be someone who has made substantive intellectual contributions to a 
published study. To qualify as an author one should 1) have made substantial contributions to conception and design, or 
acquisition of data, or analysis and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically 
for important intellectual content; and 3) have given final approval of the version to be published. Each author should have 
participated sufficiently in the work to take public responsibility for appropriate portions of the content. Acquisition of funding, 
collection of data, or general supervision of the research group, alone, does not justify authorship. 
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic 
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in 
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final 
manuscript. For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' 
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgement section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors declare that they have no competing interests.". 
Online Journal of Animal and Feed Research adheres to the definition of authorship set up by the International Committee of 
Medical Journal Editors (ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to 
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conception and design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically 
for important intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3. 
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do 
not qualify as authors should be mentioned under Acknowledgements.  
Change in authorship 
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in the 
sequence of author names. We have this policy to prevent fraud. 

Acknowledgements 
We strongly encourage you to include an Acknowledgements section between the Authors’ contributions section and Reference list. 
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design, 
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for 
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding. 
Please also acknowledge anyone who contributed materials essential for the study. Authors should obtain permission to 
acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of funding for the study, for each 
author, and for the manuscript preparation in the acknowledgements section. Authors must describe the role of the funding body, 
if any, in study design; in the collection, analysis, and interpretation of data; in the writing of the manuscript; and in the decision 
to submit the manuscript for publication. 
Data deposition 
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the 
accession number to be included in the published article. In computational studies where the sequence information is unacceptable 
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with 
the article. 

 

REFERENCES 

OJAFR initially accepts the manuscripts in PDF, Word or TeX/LaTeX formats; Word files are preferred, especially those prepared 
using EndNote®. However, our team will reformat the articles of non-EndNote users via EndNote in Galley proof stage, if 
accepted. 
 

An OJAFR reference style for EndNote may be found here.  
How to install additional styles? Please click here 
How to turn on "Jumping" from a citation to the bibliography? Please click here 
 

1. All references to publications made in the text should be presented in a list with their full bibliographical description. 
2. In the text, a reference identified by means of an author‘s name should be followed by the date of the reference in 

parentheses. When there are more than two authors, only the first author‘s surname should be mentioned, followed by ’et al‘. 
In the event that an author cited has had two or more works published during the same year, the reference, both in the text 
and in the reference list, should be identified by a lowercase letter like ’a‘ and ’b‘ after the date to distinguish the works. 

3. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al., 
2003). 'et al.' should not be italic. The list of references should be arranged alphabetically on author's surnames, and 
chronologically per author. If an author's name in the list is also mentioned with co-authors, the following order should be 
used: Publications of the single author, arranged according to publication dates - publications of the same author with one co-
author - publications of the author with more than one co-author. Publications by the same author(s) in the same year should 
be listed as 1992a, l992b,etc. 

4. Names of authors and titles of journals published in non-latin alphabets should be transliterated in English. 
5. A sample of standard reference is "1st Author surname A, 2nd Author surname B and 3rd Author surname C (2013). Article title 

should be regular, in sentence case form, and 9 pt. Online Journal of Animal and Feed Research, Volume No. (Issue No.): 00-
00."  (Journal titles should be full and not italic.) 

6. If available please add DOI numbers or the link of articles at the end of each reference. 
 
Examples (at the text) 
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani, 
1993,1995), (Kumasi et al., 2001). 
 

Examples (at references section) 
 

a) For journal 

Graulet B (2014). Ruminant milk: A source of vitamins in human nutrition. Animal Frontiers, 4(2):24-30. Link, DOI 

Miller BA and Lu CD (2019). Current status of global dairy goat production: An overview. Asian-Australasian Journal of Animal 
Sciences, 32(8): 1219. Link, DOI  

Xu P, Zhang Z, Peng P, Yang J, Li X, Yuan T, et al. (2022). Study on vacuum drying kinetics and processing of the Lonicera 
japonica Thunb. aqueous extracts. LWT - Food Science and Technology. 167: 1-9. Link, DOI 

 

b) For symposia reports and abstracts 
Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver 

Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries 
Society Manila, Philippine, 13: 191-199. Link, DOI 

 

c) For edited symposia, special issues, etc., published in a journal 
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of 

Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. Link, DOI 
 

d) For books 
AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 

Link, DOI 

Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. Link, 
DOI 
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e) Books, containing sections written by different authors 
Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species, 

Zemizdat, Sofia, p. 233-243 (Bg). Link, DOI 
 

In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication, 
1982). In this case initials are given in the text. Where available, URLs for the references should be provided.  
 

Formulae, numbers and symbols 

1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and the 
letter O (0 vs. O), and between one (1) and the letter I (1 vs. I). 

2. Describe all symbols immediately after the equation in which they are first used. 
3. For simple fractions, use the solidus (/), e.g. 10 /38. 
4. Equations should be presented into parentheses on the right-hand side, in tandem. 
5. Levels of statistical significance which can be used without further explanations are *P <0.05, **P <0.01, and ***P <0.001. 
6. In the English articles, a decimal point should be used instead of a decimal comma.  
7. Use Symbol fonts for "±"; "≤" and "≥" (avoid underline). 
8. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3. 
9. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10 powered 

x. 
10. Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, Δδ - delta, 

Εε - epsilon, Ζζ - zeta, Ηη - eta, Θθ - theta, Ιι - iota, Κκ - kappa, Λλ - lambda, Μμ - mu, Νν - nu, Ξξ - xi, Οο - omicron, Ππ - 
pi, Ρρ - rho, Σσ - sigma, Ττ - tau, Υυ - ipsilon, Φφ - phi, Χχ - chi, Ψψ - psi, Ωω - omega. Please avoid using math equations in 
Word whenever possible, as they have to be replaced by images in xml full text. 

 
Abbreviations 
Abbreviations should be presented in one paragraph, in the format: "term: definition". Please separate the items by ";".  
E.g. ANN: artificial neural network; CFS: closed form solution; .... 

 
Graphical Abstract 
Authors of accepted articles should provide a graphical abstract (a beautifully 
designed feature figure) to represent the paper aiming to catch the attention and 
interest of readers. Graphical abstract will be published online in the table of 
content. The graphical abstract should be colored, and kept within an area of 12 
cm (width) × 6 cm (height) or with similar format. Image should have a minimum 
resolution of 300 dpi and line art 1200dpi.  
Note: Height of the image should be no more than the width. Please avoid putting 
too much information into the graphical abstract as it occupies only a small space. 
Authors can provide the graphical abstract in the format of PDF, Word, PowerPoint, 
jpg, or png, after a manuscript is accepted for publication.  
If you have decided to provide a Professional Graphical Abstract, please click here. 
 

Review/Decisions/Processing 

 
Firstly, all manuscripts will be checked by one of the plagiarism finding tools (Docol©c,  iThenticate and PlagScan). A double-blind 

peer-reviewing model is used by OJAFR for non-plagiarized papers. Two reviewers selected by section editor (SE) or deputy SE of 
OJAFR, who are research workers specializing in the relevant field of study. We always try to avoid delays in the reviewing process, 
but it relies on the time and cooperation of the referees that work without any remuneration, hence, it may take 2 weeks to 4 
months. One unfavorable review means that the paper will not be published and possible decisions are: accept as is, minor 
revision, major revision, or reject.  The corresponding authors should submit back their revisions within 14 days in the case of 
minor revision, or 30 days in the case of major revision.  

To submit a revision please click here, fill out the form, and mark " Revised", mention the article code (for example OJAFR-

1108), attach the revision (MS word) and continue submission. Manuscripts with significant results are typically reviewed and 
published at the highest priority. After review and editing the article, a final formatted proof is sent to the corresponding author 
once again to apply all suggested corrections during the article process. The editor who received the final revisions from the 
corresponding authors shall not be held responsible for any mistakes shown in the final publication. Manuscripts with significant 
results are typically reviewed and published at the highest priority. 
 
Language editing 
No paper will be rejected for poor language. However, if you would like assistance with writing your manuscript, you can consider 
asking colleagues for their input and/or use a professional editing service such as those provided by our affiliates American Journal 

 and or Experts (USA) . In addition, we may offer a Scienceline service (English editing, additional London Proofreaders (UK)
scientific editing, and translation) in a modest fee, for those articles that are in the revision stage, upon request. For more 
information please visit here. The use of a language editing service has no bearing on editorial decisions and is not a requirement 
for publication.  
 
Plagiarism: There is an instant policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts (main text not 
including references list and title page) are screened for plagiarism by iThenticate and or PlagScan with default sensitivity before or 
during publication, and if found they will be rejected at any stage of processing. 
 
Declaration: After the manuscript is accepted for publication, a declaration form will be sent to the corresponding author who is 
responsible for coauthors' agreements to publication of submitted work in OJAFR after any amendments arising from the peer 
review. All the authors should also approve any change in authorship (i.e., adding, removing or reordering existing authors) after 
initial submission. Authors should determine the order of authorship among themselves. In addition, any alterations must be 
clarified to the Editor/Editor-in-chief via the Authorship Agreement Form. For more information please read Authorship and 
Authors' Responsibilities. 
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Date of issue 
All accepted articles are published bimonthly around 25th of January, March, May, July, September and November, each year in 
full text on the Internet.  

 
Publication charges 
The publication costs are covered through article processing charges (APCs) and No submission fee, or any other processing fees 
are required for the publication of the accepted article. There is a modest APC of 180 Euro(€) editor fee for the processing of each 
primary accepted paper (1000-4000 words) to encourage high-quality submissions. APCs are only charged for articles that pass 
the pre-publication checks and are ready to be published. A surcharge will be placed on any article that is over 4000 words in 
length to cover the additional processing costs. We encourage the authors to submit manuscripts with no more than 4000 words 
(not including Abstract, Methods, References and figure legends). Payment can be made by credit card, bank transfer, money 
order or check. Instruction for payment is sent during the publication process as soon as the manuscript is accepted. Meanwhile, 
this journal encourages the academic institutions in low-income countries to publish high quality scientific results, free of charge. 

 
WORD COUNT PRICE* 
1000-4000 words (medium article) €180 
over 4000 words (long article) €280 

* The prices are valid until 30th December 2024. 
 
 
The Waiver policy 

The submission fee will be waived for invited authors, authors of hot papers, and corresponding authors who are editorial board 
members of the Online Journal of Animal and Feed Research. The Journal will consider requests to waive the fee for cases of 
financial hardship (for high quality manuscripts and upon acceptance for publication). Requests for waiver of the submission fee 
must be submitted via individual cover letter by the corresponding author and cosigned by an appropriate institutional official to 
verify that no institutional or grant funds are available for the payment of the fee. Letters including the manuscript title and 
manuscript ID number should be sent to editors@ojafr.com. It is expected that waiver requests will be processed and authors will 
be notified within two business day.  
 
The OA policy 
Online Journal of Animal and Feed Research is an Open Access journal which means that all content is freely available without 
charge to the user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full 
texts of the articles, or use them for any other lawful purpose, without asking prior permission from the publisher or the author. 
This is in accordance with the BOAI definition of Open Access. 
 

 
Scienceline Language Editing Services 

We suggest that authors whose first language is not English have their manuscripts checked by a native English 

speaker before submission. This is optional, but will help to ensure that any submissions that reach peer review can 

be judged exclusively on academic merit. We offer a Scienceline service, and suggest that authors contact as 

appropriate. Please note that use of language editing services is voluntary, and at the author’s own expense. Use of 

these services does not guarantee that the manuscript will be accepted for publication, nor does it restrict the 

author to submitting to Scienceline journals. You can send the article/s to the following Emails: 

administrator@science-line.com ; info@science-line.com  

For more information about editing services please visit . here

 

Submission Preparation Checklist   
Authors are required to check off their submission's compliance with all of the following items, and submissions may be returned to 
authors that do not adhere to the following guidelines:   

 The submission has not been previously published, nor is it before another journal for consideration (or an explanation has been 

provided in -Comments to the Editor).     

 The submission file is in Microsoft Word, RTF, or PDF document file format.      

 Where available, URLs for the references have been provided.      

 The text is double-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within the text at the 

appropriate points, rather than at the end.      

 The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.     
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