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Research Paper 
 

Associations of polymorphisms in prolactin and dopamine receptor D2 genes with 

reproductive traits on Silkie chicken 
 

Tu TT, Phuong LT, and Ngu NT.  

 
Online J. Anim. Feed Res., 13(5): 321-327, 2023; pii: 
S222877012300047-13 
 
DOI: https://dx.doi.org/10.51227/ojafr.2023.47  

 
Abstract: The Silkie chicken (Gallus gallus domesticus Brisson) is one of 
domestic chicken breeds with commercial rearing and breeding potentials 
for egg production. Prolactin (PRL) and dopamine D2 receptor (DRD2) are 
potential genes associated with reproductive traits in chickens. This study 
was conducted to analyze the association of PRL and DRD2 insertion/deletion (Indel) polymorphisms with chicken 
reproductive traits in Silkie chickens. A total of 380 hens from 16-40 weeks of age were used, with each one being placed 
in a separate cage. DNA isolation was performed using feather samples, and genotypes were detected using the Indel 
technique. Two polymorphisms consisting of 24 base pair (bp) Indel in the promoter region of the PRL gene and 22 bp 
Indel in the promoter region of the DRD2 gene were identified. At both sites, the Indel polymorphisms did not follow the 
Hardy-Weinberg equilibrium. In addition, with the exception of total eggs over 23 weeks of laying in the PRL gene, the 
analysis revealed no association between these polymorphic loci and any traits collected. In conclusion, birds with the DD 
genotype produced the maximum egg yield (73.6 eggs/hen), whereas those with the II genotype produced approximately 
9 fewer eggs (64.1 eggs/hen), resulting in laying rates of 45.7% and 40.1%, respectively. For enhancing the egg-laying 
capacity of Silkie chickens via selective breeding, opting for DD birds with DD genotype of PRL Indel is highly 
recommended. 
 
Keywords: Egg production, Indel technique, Polymorphism, Reproductive traits, Silkie chicken. 
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Research Paper 
 

Effects of incorporation of lupin flour on the quality attributes of beef burger 
 

Alrahaife AJ, and Abu-Alruz Kh. 

 
Online J. Anim. Feed Res., 13(5): 328-339, 2023; pii: 
S222877012300048-13 
 
DOI: https://dx.doi.org/10.51227/ojafr.2023.48  
 
Abstract: Lupin flour is known as an alternative high-ptlant 
protein for meat products due to its nutritional, health, and 
functional properties. A factorial experiment was performed 
to investigate the effect of lupin seed flour treatment (without, steaming, and roasting), meat substitution level with lupin 
seed flour (0, 5, 10, and 15%), and the interaction between them on the quality attributes of cooked beef burger by 
measuring CIELAB color, texture profile analysis (TPA), chemical composition (before and after cooking), and cooking 
properties (cooking loss, fat and moisture retention, and shrinkage). Based on the results of the factorial experiment, a 
completely randomized design was used to evaluate the sensory attributes of selected treatments. The different 
substitution levels mainly affected CIELAB color values, chemical composition, and cooking properties. On the other hand, 
the interaction effect between substitution level and treatment affected TPA. Considering all results, steaming treatment 
and a substitution level of 10% were selected as the best treatment to produce beef burgers. In comparison to the control 
burger, the developed burger had higher values of L* (increased by 21.26%), b* (increased by 32.94%), and moisture 
retention (increased by 37.85%); lower values of fat (decreased by 16.11%), protein (decreased by 6.37%), cooking loss 
(decreased by 43.22%), shrinkage (decreased 19.69%), and moisture content (decreased by 2.64%); and 
nonsignificantly different values with other tests performed. This study demonstrated that the incorporation of lupin flour 
in beef burgers could have the potential to substitute meat, create an alternative high-plant protein burger, and expand 
the application of lupin flour in the food industry. 
 
Keywords: Beef, Chemical composition, Cooking loss, Physical properties, Sensory properties, Texture. 
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The organoleptic, chemical and microbiological quality of maggot’s frass as alternative 

poultry feed ingredients 

 
Utama CS, Sulistiyanto B, Marifah B, and Cahya RI. 

 
Online J. Anim. Feed Res., 13(5): 340-347, 2023; pii: S222877012300049-13 
 

DOI: https://dx.doi.org/10.51227/ojafr.2023.49  

 
Abstract: Maggot’s frass is waste from cultivating maggots (insect larvae) 
which consists of media from maggot cultivation mixed with feces, skin 
and dead body of the maggots. The aim of the study was to examine the 
organoleptic quality, chemistry, worm eggs, lead (Pb) as heavy metal 
and microbiological profile of maggot’s frass as an alternative ingredient 
of poultry feed. A completely randomized design (CRD) with 3 treatments 
(T1: frass media for household waste, T2: frass media for tofu dregs, and 
T3: frass media for vegetable and fruit waste) and 7 replications was 
used. The results showed that there was no effect of different types of 
media treatment on the organoleptic quality, chemistry and 
microbiological profile of maggot’s frass. The results of chemical analysis 
of maggot’s frass revealed moisture of 26.39 - 46.26%, crude protein of 
10.92 - 16.37%, worm eggs in the dregs media tofu (16 EPG), vegetable 
and fruit waste (32 EPG), total bacteria of 1.91-4.95 x 108cfu/g, and no any Escherichia coli and Salmonella isolates. 
Maggot’s frass which comes from fruit and vegetable waste was recommended. Therefore, maggot feed using fruit and 
vegetable waste treatment is recommended because of its high crude protein and metabolic energy and also without any 
E.coli and Salmonella contamination.  
 
Keywords: Black Soldier fly; Feed; Maggot’s frass; Larva; Waste.  
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Research Paper 
 

Detection and characterisation of microplastics in animal feed 

 
Maganti SS and Akkina RC. 
 
Online J. Anim. Feed Res., 13(5): 348-356, 2023; pii: S222877012300050-13  
 
DOI: https://dx.doi.org/10.51227/ojafr.2023.50 

 
Abstract: Microplastics (MPs) the products of plastic breakdown, are 
entering the environment as a result of plastic abuse, which are of size 
less than 5mm. Due to their ubiquitous nature, MPs have become a 
significant environmental concern. One alarming area of MPs 
contamination is their potential presence in the feed of edible animal 
species. Growing research suggests that MPs can enter food products and 
subsequently move to various trophic levels of food chains. Hence, 

assessing the threat of MPs contamination in animal feed is important for 
food security and human health. In this investigation, 36 livestock and 
poultry feed samples were collected from 12 different farms, MPs were 
detected using Fourier Transform Infrared Spectroscopy (FTIR) and 
Differential Scanning Calorimeter (DSC). The Nano particle analyser was 
used to determine the size distribution, and Pyrolysis-GC/MS was used to quantify MPs. According to the findings, all the 
feed samples contained a significant amount of Polyethylene terephthalate (PET), Polypropylene (PP), and Polyvinyl 
chloride (PVC) and the particle size ranged from 2.02 to 10.7 µm. Present study has given detailed information on the 
size distribution of MPs in animal feed, which is thought to enable them to pass through membrane barriers. From the 
findings it is evident that there are high chances of MPs entering animal feed due to the continuous contact of the feed 
with plastic-based materials. These MPs can accumulate in the tissues of animals and potentially be transferred to 
humans through the consumption of meat, milk, and other animal-derived products. Subsequently these MPs can finally 
bio-accumulate in humans and cause serious health issues. 
 
Keywords: Feedstuff, Membrane barriers, Nanoparticles, Pyrolysis-GC/MS, Size distribution. 

 
[Full text-PDF] [Scopus] [ePub] [Export from ePrint] [How to Cite]  

 

https://ojafr.com/main/attachments/article/171/OJAFR%2013(5)%20340-347,%202023.pdf
https://dx.doi.org/10.51227/ojafr.2023.50
https://ojafr.com/main/attachments/article/171/OJAFR%2013(5)%20348-356,%202023.pdf
https://ojafr.com/main/images/stories/2023/191-maggots_frass.jpg
https://ojafr.com/main/images/stories/2023/203-2.jpg


f | P a g e 

 
 

Research Paper 
 

Relative analysis of two citrus species versus maize for potential nutritive traits as 

livestock feed 

 
Idamokoro EM and Hosu YS. 

 
Online J. Anim. Feed Res., 13(5): 357-366, 2023; pii: S222877012300051-13  
 
DOI: https://dx.doi.org/10.51227/ojafr.2023.51  

 
Abstract: The present study seek to assess the nutritional qualities and 
the mineral composition of citrus fruits (pulps + peels) of two different 
species (Citrus clementina and Citrus limon), while comparing its 
nutritive perspective with Zea mays L (yellow maize) commonly used as 
livestock feed. Proximate evaluation was done via the method of the 
association of official analytical chemists (AOAC). Elemental components 
of citrus species were measured by means of a standard spectrometer. 
The proximate evaluation of the sample indicated that Citrus limon fruit 
contained comparable amounts of protein, fibre and lipid, but 
significantly higher ash contents than yellow maize. While the Citrus 
clementina was higher in protein and ash content, but comparable 
moisture content to Zea mays L. Meanwhile, minerals including Ca, Mg, K, Na, Cu, Mn and Fe were significantly higher in 
the two citrus species than in Zea mays L. Therefore the manuscript revealed that the Citrus clementina and Citrus limon 
species possess the potentials to be utilized as livestock feed ingredients. 
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Abstract: Horses are animals that are affected very quickly by the 
warnings coming from the environment. In this study, it was aimed to 
evaluate oxidative stress parameters of horses obtained from saliva 
analysis related to animal welfare as a result of keeping horses together 
with goats. While the research was being prepared, three groups were 
developed based on the time spent sheltering goats and horses. The 

horses were housed alone in the first and last 15-day groups, and along 
with the goats in the second 15-day group. In these stages, the levels of 
malondialdehyde (MDA), catalase (CAT), glutathione peroxidase (GPx), 
superoxide dismutase (SOD) activities and ischemia-modified albumin 
(IMA) level in saliva were examined. Results showed that MDA and IMA 
levels decreased, but CAT, GPx, and SOD activities increased. It was 
concluded that goats had a positive effect on horses according to the 
oxidative stress parameters examined in terms of animal welfare. However, there is still a need for research that will 
house horses with various animals in acceptable animal welfare circumstances, analyse their stress metrics, and maintain 
a high level of welfare. 
 
Keywords: Animal welfare, Equus caballus, Oxidative stress, Single stall housing, horse, goat.  
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Abstract: This study aimed to determine the effect of adding sonicated 
coconut shell liquid smoke to pekin duck jerky with different storage 
times at room temperature and vacuum packed. Ground duck jerky is 
made from Pekin duck meat (Anas platyrhynchos domesticus) soaked in 
coconut shell liquid smoke (CSLS) which has been sonicated for 20 
minutes and seasoned with spices such as garlic, galangal, coriander, 
tamarind, salt, and coconut sugar. A laboratory experiment was done 
using a completely randomized design (CRD) consisting of 5 treatments 
(control: 0 day storage period, T1: 7 days, T2: 14 days, T3: 21 days, 
and T4: 28 days) and 4 replications. The results showed that the addition 
of sonicated CSLS with differences in the shelf life of pekin ground duck jerky had a significant effect (P<0.01) on pH, 
texture, color L, a*, b*, Aw, water content, fat, carbohydrates by difference, thiobarbituric acid (TBA), and iodine 
number. Had a significant effect (P<0.05) on ash content, and had no significant effect on Water Holding Capacity (WHC), 
protein content, and organoleptic quality. It was concluded that storing ground duck jerky for 14 days at room 
temperature and vacuum packed did not show any damage to pH, water activity, water content, fat, protein, TBA and 
iodine number, and did not occur rancidity. 
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Abstract: This study was conducted to ascertain the suitability of 
alternative locations for temperature measurement, with reference to 
rectal thermometry in sheep, using a digital thermometer (DT). The 
study employed a single-factor multilevel design, considering anatomical 
location (site) as the main factor. This anatomical location factor had four 
conditions, including rectal (rectalDTt), undertail (undertailDTt), inguinal 
(inguinalDTt), and axillary (axillaryDTt) locations. A total of 16 sheep were 
recruited for the study, and each treatment had eight replicates. The 
data obtained were descriptively analyzed using means and standard 
deviations, while inferential statistics included analysis of variance 
(ANOVA), Pearson’s correlation, Tukey’s test, t-test, and Bland-Altman 
plot. The mean inguinalDTt was the highest (39.51 ± 0.31℃), while the 

lowest was the mean undertailDTt (38.97±0.45). The effect of anatomical 
location on temperature readings was statistically significant. The difference between mean rectalDTt and inguinalDTt, or 

axillaryDTt was not significant. The rectalDTt measurements were significantly correlated with those of each treatment. 
Equivalence analysis revealed a non-significant bias between the rectalDTt and inguinalDTt pair. The Bland-Altman plot showed 
a good level of correlation and considerable agreement between rectalDTt and inguinalDTt measurements. In conclusion, 
temperature measurement at the inguinal location results in readings that are similar to those of rectal thermometry and 
thus may be of clinical importance in the future, particularly with digital thermometer application in sheep.  
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Abstract: Aims of study was to determine the relationship between 
steaming up with colostrum production at different milking times. The 
animals used in this research were 36 pregnant Holstein-Friesian (HF) 
cows. The method used in this research was a case study. Samples were 
determined with purposive sampling. The selected animal was divided 
into two groups, T1 (control) and T2 (steaming up). The steaming up was 
done two weeks prior to calving. The total average of colostrum 
production from HF cows that were in T2 group was 11.96±2.40 
liter/cow/day, while the mean value of colostrum production from HF 
cows that were in T1 group was 8.05±1.80 liter/cow/day. The average 
colostrum production that was collected at morning milking from cows in 
T2 group was 6.38±1.36 liter/cow/day and at afternoon milking was 
5.58±1.11 liter/cow/day, significantly higher than T1 group which was 4.22±0.92 liter/cow/day at morning milking and 
3.83±0.90 liter/cow/day. The result of the regression equation on morning milking is Y = 2.059 + 2.159x. This means 
that steaming up treatment can increase colostrum production by as much as 2.159 liters at morning milking. While the 
result of the regression equation on afternoon milking is Y = 1.753 + 2.078x. This means steaming up treatment can 
escalate the colostrum production as much as 2.078 at afternoon milking. That equation is used as the basis for 
estimating the relationship between steaming up with colostrum production at both milking times, with a correlation 
coefficient (r) between steaming up and colostrum quantity at morning milking is 0.692, which means the relationship is 
in the strong category. Meanwhile, the relationship between steaming up and colostrum yield at afternoon milking is 
0.666, which means the relationship is also in the strong category. It was concluded that steaming up had a very 
significant effect at both milking times in Holstein-Friesian cows. 
 
Keywords: Calving, Colostrum production, Holstein-Friesian Cows, Milking time, Steaming up. 
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Paratyphoid Salmonella serovars in chickens: molecular detection of virulence and 

antimicrobial resistance genes 
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Abstract: Paratyphoid salmonellosis is a serious disease threatens the 
poultry industry worldwide, besides its public health hazard. The aims of 
this study were characterization of paratyphoid Salmonella spp. in 
chicken flocks of some Egyptian governorates, demonstration of the 
antimicrobial susceptibility of the isolated Salmonella spp., and detection 
of some virulence genes and antibiotic resistance genes using recent 
molecular techniques. A total of 238 organ samples were collected from 
52 broiler, layer, and breeder chicken flocks, representing 9 Egyptian 
governorates. Conventional characterization of Salmonella isolates 
revealed a total isolation rate of 56.3% (134/238). Moreover, the 
isolation rates of Salmonella spp. were (49/79; 62%), (47/81; 58%), 
(10/18; 55.5%), (9/20; 45%), (2/6; 33.3%), (2/3; 66.7%), and (15/82; 53.6%) from liver, yolk sac, heart, spleen, 
caecum, ovary, and dead-in-shell embryos, respectively. A total of 32/238 (13.44%) isolates of Salmonella were found. 
Serological identification revealed presence of S. enteritidis (21.9%), S. kentucky (15.6%), S. typhimurium (12.5%), S. 
molade (12.5%), S. takoradi (9.4%), S. wingrove (6.3%), S. infantis (6.3%), S. tsevie (6.3), S. shangani (3.1%), S. 
bargny (3.1%), and S. papuana (3.1%). All Salmonella strains (32/32; 100%) were resistant to streptomycin, while 
almost all of them (31/32; 96.9%) were susceptible to meropenem. The amplification of 16S rRNA gene of Salmonella 
isolates using uniplex polymerase chain reaction (PCR) generated a specific Salmonella product of approximate 550 base 
pair. The multiplex PCR revealed presence of invA (100%), stn (65.6%), and sopB (40.6 %) virulence-associated genes 
as well as aadA1 (100%), blaTEM (59.4%), aadB (18.75%), and sul1 (28.1%) antibiotic resistance genes. In conclusion, 
virulent paratyphoid Salmonella spp. are circulating in the Egyptian flocks, causing economic loses. Additionally, they 
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became resistant to the most commonly used field antibiotics. Therefore, regular molecular surveillance studies on the 
circulating Salmonella spp. and their resistance to the used antibiotics are of significant importance.  

 
Keywords: Antibiotic resistance genes, Chicken, Paratyphoid Salmonella, PCR, Serology, Virulence 
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Abstract: Neosporosis is internationally documented as one of the most 
popular diseases in cattle that cause economic losses due to high levels 
of abortion cases. Although Neospora caninum has been recently 
classified as a new species, it is still sharing many features with 
Toxoplasma gondii. This study aimed to detect and Imaging N. caninum 
in the blood of aborted cows, and prevalence study of N. caninum 
infection based on age, region and month. Blood samples from 106 
aborted cows were collected using the appropriate method. First, these 
samples were examined microscopically via blood smears using Giemsa 
dye to diagnose the N. caninum within RBC. A qPCR technique was 
carried out to detect accurately 18S rRNA gene accurately. The results 
revealed that 65% of total aborted cases were positive for 18S rRNA 
detection of N.caninum, although this parasite was found microscopically in 15% of blood smear samples. According to 
PCR results, the prevalence study showed that the highest rate of infection was signed in the Al-Qassim district (75%) 
followed by the Al-Mahaweel district (74%) and decreased in Western Hamza district (48%). According to study months, 
November recorded the peak of infection (88%), then August (71%), whereas July recorded the lowest percentage 
(50%). The statistical analysis revealed there was no significant difference between the subjected regions and study 
months based on (P<0.05). On the other hand, it was found that cows less than 3 years old were more susceptible to 

infection than those over 3 years old. the results revealed that 71% of infected cows were less than 3 years old, while 
29% were at age over 3 years old with a significant difference (P <0.005 .) In conclusion ,N .caninum can be detected 
through blood within RBC. Age and regional factors in cows play an important role in resisting infection with this pathogen. 
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ABSTRACT: The Silkie chicken (Gallus gallus domesticus Brisson) is one of domestic chicken breeds with 

commercial rearing and breeding potentials for egg production. Prolactin (PRL) and dopamine D2 receptor 

(DRD2) are potential genes associated with reproductive traits in chickens. This study was conducted to 

analyze the association of PRL and DRD2 insertion/deletion (Indel) polymorphisms with chicken reproductive 

traits in Silkie chickens. A total of 380 hens from 16-40 weeks of age were used, with each one being placed 

in a separate cage. DNA isolation was performed using feather samples, and genotypes were detected using 

the Indel technique. Two polymorphisms consisting of 24 base pair (bp) Indel in the promoter region of the 

PRL gene and 22 bp Indel in the promoter region of the DRD2 gene were identified. At both sites, the Indel 

polymorphisms did not follow the Hardy-Weinberg equilibrium. In addition, with the exception of total eggs 

over 23 weeks of laying in the PRL gene, the analysis revealed no association between these polymorphic loci 

and any traits collected. In conclusion, birds with the DD genotype produced the maximum egg yield (73.6 

eggs/hen), whereas those with the II genotype produced approximately 9 fewer eggs (64.1 eggs/hen), 

resulting in laying rates of 45.7% and 40.1%, respectively. For enhancing the egg-laying capacity of Silkie 

chickens via selective breeding, opting for DD birds with DD genotype of PRL Indel is highly recommended. 

Keywords: Egg production, Indel technique, Polymorphism, Reproductive traits, Silkie chicken. 
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INTRODUCTION   
 

The productive value of animals is determined by their ability to meet certain production demands and this is typically 

measured by the quality and quantity of the product obtained during a given period (Rodina et al., 2019; Martinelli et al., 

2020). In poultry, the process of egg production involves various synchronized metabolic and physiological processes that 

determine the number of produced eggs, rate of laying, and egg hatchability (Mench et al., 2011). Typically, the average 

egg production of most indigenous or native breeds/fowls is low (Nguyen et al., 2020), and this low productivity in 

backyard farming is primarily due to the limited production potential of the existing indigenous germ plasm, as noted by 

Haunshi et al. (2009). Many factors, particularly environmental and genetic ones, have a significant impact on these traits 

(Niknafs et al., 2012; Tongsiri et al., 2019; Loengbudnark et al., 2023). When considering the genetic effects on egg 

production in chickens, prolactin (PRL) (Mohamed et al., 2016) and dopamine D2 receptor (DRD2) (Xu et al., 2010) have 

been identified as potential candidate genes. Prolactin, a hormone generated by the pituitary gland, is important in the 

regulation of egg formation since it increases broodiness, which temporarily suppresses ovarian activity and prevents egg 

laying (Sharp et al., 1984). In the promotor region of PRL gene, the mutation at -358 position with 24 base pair (bp) 

insertion/deletion (Indel) influenced egg productivity in different chicken breeds (Jiang et al., 2005; Cui et al., 2006; Begli 

et al., 2010; Yousefi et al., 2012; Lotfi et al., 2013). Additionally, in birds, dopamine was found to have a crucial function 

in the secretion of PRL as it binds to its specific receptors, namely, dopamine D1 receptor and DRD2 (Youngren et al., 

1998). It has been reported that the DRD2 gene governs the reproductive traits of poultry and is associated with the 

number of chicken eggs produced after 300 days (Xu et al., 2011b) as well as the age at which the first egg is laid (Xu et 

al., 2011a). 

Among indigenous chickens in Vietnam, black-boned chicken, named “Ac” or Silkie chicken with white feathers, 

black bone and skin, is a famous breed. Silkie chicken brings many benefits to Vietnamese because of its therapeutic 

potential from meat and is used as a medical food for improving human health. In terms of nutritional value, chicken 

meat contains essential amino acids and iron. The Silkie eggs were also chosen by consumers because they have no fishy 

smell, are fatty, fragrant, high in white protein, have a high percentage of yolks, and a very attractive dark color (Phuong 
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et al., 2023). The eggs of Silkie chicken were of small size (31.3-36.2 g/egg) and hen-day-egg production rate was 52.3-

58.1% at 23-37 weeks old (Thuy and Ha, 2022). Because of their small size and low growth and egg production rate, 

Silkie chickens were mainly kept on a small scale and easy to access with a low investment. They were a major source of 

income and nutritionally rich food for households. Recently, the Silkie chickens have been raised industrially for egg 

production in Tien Giang and Long An provinces (Vietnam) on a large scale. However, breeding stock is still a major 

obstacle due to poor breeder quality and unstable yield; besides, egg production has not reached its potential. In Vietnam, 

some recent studies focused on nutrition to improve the reproductive performance of Silkie chickens (Phuoc et al., 2019; 

Thuy and Ha, 2022), but there have been no publications investigating and selecting this breed to improve egg production.  

Therefore, this study aimed to investigate the associations of two polymorphisms of PRL and DRD2 genes with 

reproduction traits in Silkie hens. 

 

MATERIALS AND METHODS 

 

Experimental chickens 

A total of 380 Silkie chicken hens, ranging in age from 16 to 40 weeks, were individually housed in cages and fed a 

diet containing 17% crude protein and 2,850 Kcal/kg metabolized energy for the entire duration of the experiment. Clean 

water was available to the chickens at all times. All chickens were vaccinated against common diseases before the 40-

week experimental period of laying.  

 

Phenotypic data 

For laying hens, age at first egg (AFE) and body weight at first egg (BWFE) were recorded. In addition, eggs were 

collected daily at 5 P.M. and numbered to monitor individual yield. To evaluate the chickens' reproductive performance, 

the following parameters were recorded and calculated: total egg yield (per bird basis) and laying rate. The weight of the 

eggs and their shape index (the ratio of the short diameter of the egg to the long diameter) were measured every week 

(one egg/hen) throughout the entire experiment. 

 

DNA extraction and genotyping  

Genomic DNA isolated from chicken feathers (Bello et al., 2001) was subjected to amplification in a thermal cycler. 

The polymerase chain reaction (PCR) was performed in a 25 µl reaction containing 12.5 µM PCR Master Mix 2X (Phu Sa 

Genomics Joint Stock Company, Vietnam), 20 pM each primer, and 100 ng genomic DNA. The reaction was carried out 

with the following conditions: denaturation (95oC for 5 minutes), 35 cycles of 95oC for 30 seconds, annealing for 45 

seconds, extension (72oC for 45 seconds), and final extension (72oC for 10 minutes). The PCR products of each gene were 

split on 3.5% agarose gel for 45 minutes at 80V for the identification of genotypes. The polymorphic site was also 

confirmed by sequencing with Sanger’s method (Sanger et al., 1977). Information regarding primers and polymorphisms 

is provided in Table 1. 

 

Table 1 - Information for primers and polymorphisms 

Locus Sequence (5’-3’) GenBank Acc. No. PCR size (bp) Tm (°C) References 

PRL Indel 
F: TTTAATATTGGTGGGTGAAGAGACA 

R: ATGCCACTGATCCTCGAAAACTC 
AF288765 154/130 54 Cui et al. (2006) 

DRD2 

Indel 

F: TGCACTTCAATCCTTCCCAGCTT 

R: TTGCGCTGCCCATTGACCA 
EU313425.1 187/165 62 Xu et al. (2010) 

F: Forward primer; R: Reverse primer; Tm: Annealing temperature 

 
Data analysis 

The frequencies of alleles were calculated through allele counting in accordance with the Hardy-Weinberg 

equilibrium and the potential deviations from the expected genotype frequencies were tested using a Chi-square test. 

Moreover, the General Linear Model of Minitab software version 16.2.1 was used to analyze the association between 

genotype and egg yield and egg traits using the model of Yij = µ + Gi + ξij (where Yij: traits observed; μ: general mean, Gi: 

influence of genotype; ξij: random error). Data are presented as Least square mean ± Standard error. 

 

Ethical considerations  

The study was performed by authorized, qualified, and trained veterinarians, scientists, and technicians, in 

compliance with the guidelines of the Institutional Animal Ethics Committee (IAEC).  

 
RESULTS AND DISCUSSION 

 

Allele and genotype frequencies in the Silkie chicken population 

Figures 1 and 2 display the genotype analysis of two genes. The bands depicted in the agarose gel electrophoresis 

allowed for the differentiation of genotypes for each polymorphism. The study detected three genotypes, which also 
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resulted from a mutation in the promoter region of the PRL gene. The 24 bp Indel polymorphism presented a DNA 

fragment size of 154 bp for the I allele and 130 bp for the D allele (Figure 1a, b). Moreover, the promoter region of the 

PRL gene from Silkie chicken had 24 inserted nucleotides (TGTCTCTTCTTGTCTTCCTTGTCT) (Figure 3a,b). 

A 22-base pair insertion/deletion (Indel) was found in the DRD2 gene of Silkie chickens. Figure 2a illustrates two 

alleles, the I allele (187 bp) and the D allele (165 bp). The promoter region of the DRD2 gene in Silkie chickens had a 22 

bp (GTTGCTACCCTTAGCAAAGGCT) insertion, as shown in Figure 2b. Figure 4 presents a partial DNA sequence with 22 

nucleotides inserted in the I allele of the DRD2 gene. 

Table 2 present the allele and genotype frequencies of two genes. The PRL Indel locus had a lower I allele frequency 

(0.30) compared to the D allele frequency (0.70) in the population. However, the frequency ratio of the I allele (0.54) was 

higher than the D allele frequency (0.46) in the DRD2 Indel locus. Additionally, the results indicate that the genotypic 

frequencies of the DRD2 and PRL Indel loci in the Silkie chicken population did not adhere to the Hardy-Weinberg 

principle (p<0.001). 

 

 
Figure 1 - Genotypes of PRL Indel. a) PCR products displayed on 3.5% agarose gel electrophoresis; b) 24 bp insertion sequences; Lane 

L: DNA marker (100-1,000 bp); lane C: negative control; lane 3, 4, 5: DD genotype; lane 6, 7, 8: II genotype; lane 9, 10, 11: ID genotype 

 

 
Figure 2 - Genotypes of DRD2 Indel. a) PCR products presentation on 3.5% agarose gel electrophoresis; b) 22 bp insertion sequences; 

Lane L: DNA marker (100-1,000 bp); lane C: negative control; lane 3, 4, 5: DD genotype; lane 6, 7, 8: II genotype; lane 9, 10, 11: ID genotype 

 

 
Figure 3 - Two sequences of the 24 bp Indel of PRL gene on Silkie chicken. (a) I allele; (b) D allele 

24 bp insertion 
(a) 

(b) 

L C DD 

187 bp 

165 bp 

II: 187 bp 

DD: 165 bp 

ID: 187/165 bp 

22 bp insertion (I) 

DD DD II II II ID ID ID 

(a) (b) 

154 bp 

130 bp 

II: 154 bp 

DD: 130 bp 

ID: 154/130 bp 

24 bp insertion (I) 

L C DD DD DD II II II ID ID ID 

(a) (b) 
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Figure 4 - Two sequences of the 22 bp Indel of DRD2 gene on Silkie chicken. (a) I allele; (b) D allele 

 

 

Table 2 - Distribution of allele and genotype frequencies of two genes in the Silkie hen population 

Locus Genotype frequency Allele frequency HWE (χ2) 

PRL Indel 
DD ID II D I  

0.59 (223) 0.22 (86) 0.19 (71) 0.70 0.30 80.8*** 

DRD2 Indel 
DD ID II D I  

0.26 (101) 0.38 (144) 0.36 (135) 0.46 0.54 21.1*** 

HWE: Hardy-Weinberg Equilibrium; (n): hen number; ***: p<0.001 

 
Association of two polymorphisms on reproductive traits in Silkie chicken 

During the 23 weeks of laying, among the PRL Indel genotypes, chickens bearing the DD genotype produced a 

higher number of eggs than those with the II genotype (p<0.001). As a result, the laying rate was also the highest in DD 

birds. For the polymorphic site of the DRD2 gene, no association was found for all the examined parameters (Table 3). 

 

Table 3 - Association of INDEL polymorphisms with reproductive traits in laying chickens 

Parameters 
Genotypes (PRL) Genotypes (DRD2) 

DD (n=223) ID (n=86) II (n=71) DD (n=101) ID (n=144) II (n=135) 

AFE (day) 119±0.36 119±0.58 120±0.65 120±0.56 119±0.47 119±0.48 

BWFE (g) 733±2.5 733±4.1 731±4.5 734±3.9 730±3.3 733±3.4 

Laying days 161±0.4 161±0.6 160±0.6 161±0.6 162±0.5 161±0.5 

Total eggs 73.6±0.94a 70.6±1.51a 64.1±1.67b 69.1±1.45 70.6±1.22 68.5±1.25 

Laying rate (%) 45.7±0.60a 43.8±0.97a 40.1±1.08b 43.1±0.93 43.8±0.79 42.7±0.80 

Egg weight (g) 35.3±0.07 35.3±0.11 35.6±0.12 35.4±0.10 35.3±0.09 35.3±0.09 

Egg shape (%) 76.6±0.03 76.6±0.05 76.6±0.06 76.6±0.05 76.6±0.04 76.6±0.04 

AFE: Age at first egg; BWFE: Body weight at first egg.a,b: Means with different letters in the same row differ significantly (p<0.05). 

 

The I allele frequency of the PRL Indel in this study differs from that of Chinese chicken breeds. Cui et al. (2006) 

reported I allele frequencies of the PRL Indel as follows: 0.02 in Taihe Silkie F0 generation, 0.2 in Taihe Silkie F1 

generation, 0.05 in Yangshan, 0.17 in Nongdahe, 0.22 in White Rock, and 1.00 in White Leghorn chickens. Furthermore, 

the I allele was identified in native Iranian chickens with a frequency of 0.72 (Begli et al., 2010), in Mazandaran chickens 

with a frequency of 0.59 (Rashidi et al., 2012), and in Poltava clay chickens with a frequency of 0.00 (Kulibaba, 2015). 

22 bp insertion (a) 

(b) 
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DRD2 and PRL Indel polymorphisms did not conform to the Hardy-Weinberg equilibrium, possibly due to small sample 

sizes or the exclusive use of Silkie hens in the population. On the other hand, in the Pushkin chicken breed, Mitrofanova et 

al. (2017) discovered a 22 bp Indel in the DRD2 gene, with an I allele frequency of 0.41, lower than the D allele frequency 

of 0.59. Similarly, Datumada and Thongsaiklaing (2020) found that the I allele frequency of the DRD2 Indel in Thai native 

chickens was 0.23, lower than the D allele frequency of 0.77. For the PRL Indel, Lumatauw and Mu'in (2016) detected I 

allele frequency of 0.31 in Papua local chickens. Moreover, several previous studies reported similar results, the I allele 

frequency was 0.13 in Lien Minh chickens (Nguyen et al., 2018), 0.19 in Ri chickens, and 0.12 in Mia chickens (Vinh et 

al., 2021). In a study on Ningdu Sanhuang chickens, Xu et al. (2011b) analyzed the PRL Indel and found that hens with 

the ID genotype produced an average of 97.3 eggs, which was higher than the 94.0 eggs produced by chickens with the 

DD genotype. Additionally, hens with the ID genotype had an average first egg age of 191.38 ± 14.09 days, slightly earlier 

than the 195.71 ± 16.15 days for the DD genotype (Xu et al., 2011a). Furthermore, the ID genotype in PRL Indel exhibited 

a higher average egg weight (47.6 g/egg) compared to other genotypes in Lien Minh chickens (Nguyen et al., 2018). 

The egg weights in the present study were much smaller than other local chickens in Vietnam such as Ri chickens 

(41.7 g/egg) and Mia chickens (44.7 g/egg) (Moula et al., 2012), Bang Troi chickens (48.4 g/egg) (Thinh et al., 2020), 

black Noi hens (48.3 g/egg), and dark brown Noi hens (49.7 g/egg) (Hoa et al., 2021). In addition, Silkie chickens had 

egg weight lower than indigenous chickens in southern Ethiopia (46.6 g/egg in lowland; 48.6 g/egg in midland and 45.4 

g/egg in highland) (Berhanu et al., 2022) and Sidama region (Ethiopia) (44.9 g/egg in lowland; 49.5 g/egg in midland; 

and 42.9 g/egg in highland) (Legesse and Kefyalew, 2023). This study identified a 22-bp Indel in the DRD2 gene of Silkie 

chickens. The researchers analyzed the genetic diversity of this DRD2 Indel polymorphism in Silkie chickens and found 

that the frequency of the Indel allele was relatively low in the population (Xu et al., 2011b). The study provides insight into 

the genetic variation present in the DRD2 gene of Silkie chickens and highlights the potential implications of this 

variation for their dopamine signaling and related functions. 

It's worth noting that genetic variation in the DRD2 gene has been studied in various species, including humans, and 

has been associated with a range of behavioral and physiological traits, such as addiction, impulsivity, and obesity 

(Switala et al., 2022). However, the specific effects of the DRD2 gene Indel polymorphism on reproductive traits in 

chickens are not well-established in the scientific literature, and further research would be needed to investigate any 

potential associations. 

In the works of various authors, it was found that the presence of a 24-bp insertion in the promoter region of the 

avian prolactin gene is positively correlated with the intensity of egg-laying activity in birds and broody behavior (Jiang et 

al., 2009; Kulibaba and Podstreshnyi, 2012). The results of Jiang et al. (2005) have shown that PRL could be a genetic 

marker in breeding against broodiness in chickens. Prolactin gene in chicken (cPRL) specifically on the promoter region is 

a candidate gene for brooding behavior (Shimada et al., 1991; Dunn et al., 1998), and egg production (Cui et al., 2006). 

The cPRL promoter gene is an important part that responsible for the expression or the function of cPRL. The position of 

promoter in cPRL gene is located at the starting point (Lewin, 1997) and has its role in activating the early transcription 

for the gene expression. If a mutation occurs in this promoter region, the cPRL gene will not function and fail to express. 

Therefore, the promoter region is a crucial part of the gene as it controls the initiation of gene expression by binding to 

RNA polymerase and other transcription factors. Mutations in the promoter region can affect the binding of these factors 

and thus alter the expression of the gene. In the case of cPRL, a mutation in the promoter region can disrupt the early 

transcription process and prevent the gene from being expressed, leading to a loss of function. This can have significant 

effects on the chicken's behavior and physiology, as demonstrated by the association of cPRL promoter gene with 

brooding behavior and egg production. 

Recently, it was found that the Tellicherry native chicken population has a high frequency of the I allele, which is 

associated with a 24bp Indel polymorphism in the promoter region of the prolactin gene (Manoharan et al., 2021). The 

study suggests that this polymorphism could be used as a potential molecular marker for selection and breeding in native 

chickens. Furthermore, the presence of an association between the 24bp insertion polymorphism and egg production was 

observed, indicating that this polymorphism could also be used for improving egg production in Tellicherry native chicken 

population (Manoharan et al., 2021). In prior research (Ngu et al., 2015), a point mutation (DRD2/BseGI) was reported in 

Noi chicken, another indigenous Vietnamese breed. However, this polymorphism exhibited no impact on the birds' egg 

production. The DD genotype of the 24-bp Indel polymorphism in the prolactin gene has been found to be associated with 

a higher laying rate in chickens. 

 

CONCLUSION  

 

In the local Silkie chicken, a 24-bp Indel genetic variation was discovered in the promoter region of the prolactin gene. 

The D allele, which carries this Indel, was observed at a high frequency of 0.70. This indicates that by carefully managing 

breeding practices to manipulate the frequency of the D allele, it may be possible to improve egg production. 
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ABSTRACT: Lupin flour could have the potential to be an alternative to meat products due to its nutritional, 

health, and functional properties. A factorial experiment was performed to investigate the effect of lupin seed 

flour treatment (without, steaming, and roasting), meat substitution level with lupin seed flour (0, 5, 10, and 

15%), and the interaction between them on the quality attributes of cooked beef burger by measuring CIELAB 

color, texture profile analysis (TPA), chemical composition (before and after cooking), and cooking properties 

(cooking loss, fat and moisture retention, and shrinkage). Based on the results of the factorial experiment, a 

completely randomized design was used to evaluate the sensory attributes of selected treatments. The 

different substitution levels mainly affected CIELAB color values, chemical composition, and cooking 

properties. On the other hand, the interaction effect between substitution level and treatment affected TPA. 

Considering all results, steaming treatment and a substitution level of 10% were selected as the best 

treatment to produce beef burgers. In comparison to the control burger, the developed burger had higher 

values of L* (increased by 21.26%), b* (increased by 32.94%), and moisture retention (increased by 37.85%); 

lower values of fat (decreased by 16.11%), protein (decreased by 6.37%), cooking loss (decreased by 

43.22%), shrinkage (decreased 19.69%), and moisture content (decreased by 2.64%); and nonsignificantly 

different values with other tests performed. This study demonstrated that the incorporation of lupin flour in 

beef burgers could have the potential to substitute meat, create an alternative burger with a high percentage 

of plant protein, and expand the application of lupin flour in the food industry. 

Keywords: Beef, Chemical composition, Cooking loss, Physical properties, Sensory properties, Texture. 
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INTRODUCTION   
 

There is an increasing trend globally for replacing meat with plant-based products (Estell et al., 2021; Smetana et al., 

2021; Bryant et al., 2022); it is among the top three trends (Estell et al., 2021). This trend comes as a response to the 

increased problems encountered in meat production. Pollution, high carbon footprint, the spread of animal diseases 

(Zhang et al., 2022), negative impacts on the environment (Smetana et al., 2021), increased social cost, animal welfare 

(Siegrist and Hartmann, 2023), and adverse health effects (Marinova and Bogueva, 2019) are examples of problems of 

meat production.  

Different meat alternatives are investigated in the literature, such as cultured meat, microbial proteins, insect 

proteins, and plant-based proteins (Zhang et al., 2022), where the last type is the most promising one in terms of 

acceptability by consumers (Siegrist and Hartmann, 2023). Plant-based meat alternatives are mostly centered on pulses. 

Lupin is one of the candidates to replace meat due to its nutritional and health benefits. Lupin contains 30-42% proteins, 

30-41% fibers (mainly insoluble), fat in the form of mono poly-unsaturated fatty acids, minerals, vitamins, and 

antioxidants. Another nutritional benefit of lupin compared to other legumes is the low antinutritional factors (Abreu et 

al., 2023). Several review papers reviewed lupin's health benefits, with the most recent being conducted by Bryant et al. 

(2022), which reported strong indicators that lupin consumption improves satiety, reduces blood pressure, and lower 

degree indicators of decreasing serum lipids and improves glycemic index. Lupin addition was investigated in different 

food products; Abreu et al. (2023) recently reviewed papers that investigated adding lupin to different food products. 

However, it has been reported that lupin protein lacks gelling and thickening properties, which may limit its use as a food 

ingredient (Abreu et al., 2023).  

One of the most popular meat products is the beef burger, whose market size in 2020 was 862 billion USD, 

representing 36% of the global fast food market (Petrat-Melin and Dam, 2023). Therefore, reducing the meat in burgers 

by replacing it with plant protein will participate in the global reduction of meat production. To the best of our knowledge, 

limited studies evaluated lupin seed flour as a meat alternative in burgers. These studies investigated the final products 

using chemical and sensory methods with no information regarding the effect of using lupin on instrumental color and 

texture values (El-Sayed, 2009; Dalain et al., 2023). In addition, little information is available about the use of different 

treatments on the functionality of lupin flour. Therefore, the current study aimed to investigate the effects of different 

treatments of lupin seed flour and different meat substitution levels on the quality attributes of cooked beef burgers. 
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MATERIALS AND METHODS 

 

Materials  

To conduct the current study, the following ingredients were used: frozen beef meat (18.34% protein, 10.66% fat, 

and 67.67% moisture as tested by Food scan) was imported from Brazil and obtained from the national poultry company; 

sweet lupin seeds (Egypt) obtained from Al-Sufara'a bakery, Refined salt (Amra, Jordan), and burger spices were obtained 

from Al-jada'el company (Amman, Jordan). 

 

Experiment design 

A 3*4 factorial experiment with two replicates was performed to study the effects of lupin seed treatment (without, 

steamed, and roasted) and different levels of lupin seed flour used to replace meat (0, 5, 10, and 15%) on the quality 

attributes of beef burgers. Based on the results of the factorial experiment, selected samples from different treatments 

were sensory evaluated using a completely randomized design.   

 

The basic formula for the preparation of the meat burger 

A commercial beef burger recipe was adopted and modified from one of the local meat suppliers (national poultry 

company, meat processing plant, Al Karak-Jordan). The components of the formula were as follows: Brazilian beef meat 

(89%), salt (0.40%), spices (0.1%), and water (10.5%). 

 

Treatment of lupin seeds and preparation of lupin flour 

The roasting and steaming treatments were used to modify the functional properties of lupin seeds. 200 g of lupin 

seeds were utilized, with two replicates per treatment. In roasting treatment, the lupin seeds were milled (high-speed 

multifunction comminutor wm-500, China), and then the flour passed a sieve with a diameter of 1 micron. Flour was 

roasted in an oven at 160 °C for 10 mins (JE IO TECH (OV12), Korea). The steaming treatment was done on lupin seeds 

before grinding using a flow cook (CFS, Denmark) with 500 rpm fan speed with 40% wet steam (160 °C). Steamed seeds 

were dried in a drier for 24 hours at 50 °C. Finally, lupin was ground on a mill (high-speed multifunction comminutor wm-

500, China) and allowed to pass through a 1-micron sieve. 

 

Preparation of burgers with different levels of treated lupin flour to replace meat 

This experiment used ten meat burgers' formulas (Table 1). The first formula was the original formula -without lupin- 

(control), which was described previously in the section entitled "the basic formula for the preparation of the meat 

burger." In the other formula, different levels of treated lupin flour were used to replace meat.  

The first step was weighing all the needed ingredients. After that, the frozen beef meat (-7 to - 9 ̊C) was ground using 

a commercial frozen meat cutter (auto-grind machine, CFS, Denmark) equipped with a 20 mm grinding plate. After 

grinding, the meat temperature rose to -4 ̊C. The next step was mincing the meat, which was done with a meat mincer 

(K&G Watter, 419/E130, Germany) equipped with a 3 mm mince plate. Minced meat was portioned according to the 

required amount for each formula. At this step, other ingredients in the formula were added and mixed manually for three 

minutes. A detailed description of treated lupin seed flour preparation was described in the section entitled "treatment of 

lupin seeds and preparation of lupin flour." A portion of the meat mixture (70g) was formed using a manual circular 

plastic mold (9.5 cm in diameter). The temperature of the meat mixture was monitored to be at 0 ± 1°C during the 

forming step. Burger pieces were placed in a shock freezer (Blitzer, S6F-30.2Y-40P, Germany) at a temperature of -33 to -

36 °C for 30 mins until the product's core temperature reached (-15 to -18 ̊C). The burgers were then vacuum-sealed in 

plastic bags, placed in cardboard boxes, and frozen at -18 ̊C for 18 days before being grilled and evaluated. 

 

Table 1 - Developed formulas used in the study to prepare beef burgers 

Ingredients 
Different levels of lupin flour used to replace meat 

0% (control) 5% 10% 15% 

Beef Meat (10% Fat) 89 84.55 80.1 75.65 

Salt 0.40 0.40 0.40 0.40 

Spices 0.1 0.1 0.1 0.1 

Water 10.50 10.50 10.50 10.50 

Lupin flour* 0 
5% of meat 

(4.45% of total mix) 

10% of meat 

(8.9% of total mix) 

15% of meat 

(13.35% of total mix) 

Total 100% 100% 100% 100% 
*untreated or steamed or roasted 

 

Cooking of burger pieces  

Frozen burger pieces were removed from the freezer and grilled directly using a commercial grill (Electric Grill, 

Sonifer, China). The grilling was performed at 185 to 215 °C and continued for 10.5 mins. The burger was placed for two 

minutes on the first side and two minutes on the other side. After that, the burger piece was flipped every minute until the 

core temperature of the bean reached 75 °C, knowing that the diameter and weight measurements were taken for each 
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burger piece before and after grilling. After that, the burger pieces were cooled to room temperature and packed in 

plastic bags for further evaluation. 

 

Color evaluation 

The color of cooked samples was assessed using a non-contact spectrophotometer (X-rite VS-450, UK) and Oncolor 

software (CyberSoft, UK). The International Commission on Illumination (CIE) Lab color values and differences were 

determined for each sample. Three burgers were evaluated for each treatment, and the average was calculated to 

perform the statistical analysis. 

 

Cooking measurements 

Cooking loss 

Burger pieces were weighed before and after cooking. After cooking, the burger pieces were allowed to cool at room 

temperature for 15 mins. Cooking loss was determined according to the following formula: 

 

Cooking loss (%) = 
𝑅𝑎𝑤 𝑏𝑢𝑟𝑔𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡−𝐶𝑜𝑜𝑘𝑒𝑑 𝑏𝑢𝑟𝑔𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡

𝑅𝑎𝑤 𝑏𝑢𝑟𝑔𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡
 ×100 

 

Moisture retention and fat retention 

According to the formulas presented by Romero et al. (2019), the moisture retention and fat retention values were 

determined. 

Fat retention (%) =
𝐶𝑜𝑜𝑘𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡×𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑓𝑎𝑡 𝑖𝑛 𝑐𝑜𝑜𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

𝑅𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡×𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑓𝑎𝑡 𝑖𝑛 𝑟𝑎𝑤 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
×100 

Moisture retention (%) = 
𝐶𝑜𝑜𝑘𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡×𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑖𝑛 𝑐𝑜𝑜𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

𝑅𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡 ×𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑖𝑛 𝑟𝑎𝑤 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
 ×100 

 

Shrinkage 

The dimensional shrinkage was calculated according to Ismail et al. (2021) as follows: 

Diameter shrinkage (%)= 
(𝑅𝑎𝑤 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟−𝐶𝑜𝑜𝑘𝑒𝑑 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)

𝑅𝑎𝑤 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
 × 100 

 

Chemical analysis 

Before and after cooking, the protein, fat, and moisture percentages of beef meat burgers were measured using 

FOSS FoodScan™ Meat Analyzer (Scanco, Costa Rica, San José). 

 

TPA 

TPA parameters (hardness, resilience, springiness, cohesiveness, and chewiness) were determined using a texture 

analyzer (TVT, Perten, Sweden) according to the method described by Alrawashdeh and Abu-Alruz (2022). 

 

Sensory evaluation  

Based on the results of the previous test, five burger mixes - with different levels of meat substitution with lupin flour 

- were selected (control "without lupin," 5% and 10% with untreated lupin flour, 5% and 10% with steamed lupin flour). 

Roasted lupin flour was excluded in this part due to its negative impact on the cooked beef burger's TPA compared to the 

steamed lupin seed flour. From the National Poultry Company, ten skilled panelists were chosen after asserting that they 

usually consume lupin without being allergic. Members of the committee were requested to assess the samples and 

report their findings on a sensory evaluation form. The grilled samples were evaluated on a nine-point hedonic scale, with 

one signifying severe hate and nine denoting intensity. Three sensory parameters (color, taste, and texture) were 

assessed for each sample. Three-digit codes were used to number each sample. Burgers were grilled according to the 

procedure described in the section "cooking of burger pieces."  

 

Statistical analysis 

Using Minitab® 19.20.20, the data were analyzed using a fully randomized factorial design (CRD) with two 

replicates. For sensory evaluation, data was analyzed according to the completely randomized design. All the data are 

presented as mean values with their standard deviations. The statistically significant differences between the means 

were determined using Tukey's test, and the significance level was set at p ≤0.05. 

 

RESULTS 

  

A 3*4 factorial design was used to assess the main effects of two factors (Type of treatment of lupin seed flour and 

substitution level of meat with lupin flour) and their interaction on the quality of a developed meat burger. Three levels of 

treatment type (Lupin without treatment, steamed lupin, and roasted lupin) and four substitution levels (0, 5, 10, and 
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15%) were applied. In the following sections, only significant results were reported. Only the results of the interaction 

effects were reported when they were significant; if not, the significant main effects were only reported.  

 

CIELAB color values of cooked beef burger 
 

L* values 

L* values of cooked beef burgers were significantly affected (P≤0.05) only by substitution levels; therefore, only the 

results of the effect of substitution level were presented. Substitution levels above 5% significantly increased the L* 

values of meat burgers compared to 0 and 5% substitution levels (Figure 1).  

a* values 

a* values of meat burgers were not significantly affected by substitution levels, treatment type, and interaction 

between them. The a* values for different samples of burger meat ranged between 7.96 and 8.71 (Table 2). 

b* value 

b* values of meat burgers were significantly affected (P≤0.05) only by substitution levels. Up to a 10% substitution 

level, there was a significant increase in b* values with every increase in substitution level (Figure 2). 

ΔE*ab values 

ΔE*ab values of meat burgers were significantly affected (P≤0.05) only by substitution levels. There was a 

significant increase in ΔE*ab with every increment in the substitution level (Figure 3).  

 

Table 2 - Effect of substitution levels on CIELAB color values of cooked burger 

Substitution level L* a* b* ΔE*ab 

0% 35.52±0.11b 8.51±0.035 16.21±0.61c 2.43±0.76d 

5% 36.82±4.41b 8.71±0.49 19.13±1.05b 5.85±1.57c 

10% 43.07±1.55a 8.40±0.44 21.55±0.67a 10.08±1.29b 

15% 45.72±1.73a 7.96±0.85 22.35±0.75a 12.39±1.51a 

*M±Std.D, the values in the same column followed by the same letter are not significantly different at the 0.05 probability level as 

determined by Tukey's test. 

 

 
Figure 1 - Effect of using different substitution levels of lupin 

flour on the L*values of cooked meat burgers. Values 

followed by the same letter are not significantly different 

 
Figure 2 - Effect of using different substitution levels with 

lupin flour on the b* values of cooked meat burgers. Values 

followed by the same letter are not significantly different 

 

 
Figure 3 - Effect of using different substitution levels with lupin flour on the ∆E*ab values of cooked meat burgers. Values 

followed by the same letter are not significantly different 
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Texture profile analysis (TPA)  

Hardness values were significantly affected by the treatment type of lupin seed flour, substitution levels, and their 

interaction; accordingly, only the results of the interaction effect were presented (Figure 4). The hardness values were not 

significantly affected in the roasting and steaming treatments with varying lupin flour substitution levels compared to the 

control sample (0% substitution level). In the lupin without treatment, the hardness values were significantly affected by 

increased substitution levels of more than 5%, and the meat burger with a 10% substitution level had the lowest 

hardness value. 

Cohesiveness values were significantly affected by the treatment type of lupin seed flour, the substitution levels of 

lupin flour, and the interaction between them; accordingly, only the results of the interaction effect will be presented 

(Figure 5). In roasting treatment with increased substitution levels of more than 5%, the cohesiveness significantly 

decreased compared to a 0% substitution level. The control treatment significantly decreased the cohesiveness values at 

a 15% substitution level, but it had no significant effect at the different levels of substitution. In contrast, the 

cohesiveness values were not significantly affected in the steaming treatment with varying substitution levels.  

Resilience values of meat burgers were significantly affected (P≤0.05) by substitution levels, treatment type of lupin 

seed flour, and interaction between them; consequently, only the results of the interaction effect were displayed (Figure 

6). The resilience values significantly decreased as the substitution level increased to 15% in the lupin without treatment 

and steamed lupin. In roasting treatment, the resilience values significantly decreased with increased substitution levels 

of lupin flour of more than 5% compared to a 0% substitution level.  

Springiness values of meat burgers were not significantly affected by the treatment type of lupin seed flour, 

substitution levels, and interaction between them. The results of interaction effects are shown in Table 3. 

The treatment type of lupin seed flour, the substitution levels, and the interaction between them significantly 

affected chewiness values; therefore, only the results of the interaction effect were shown (Figure 7). Steaming and 

roasting treatments with different levels of substitution of lupin flour did not significantly affect the chewiness values. In 

contrast, as the substitution level increased from 5% to 15% in lupin without treatment, the values of chewiness 

significantly decreased compared to a 0% substitution level, with no significant differences between substitution levels 

above 0%.  

 

 
Figure 4 - Effect of the interaction between treatment type 

and substitution levels on hardness values on cooked meat 

burgers. Values followed by the same letter are not 

significantly different 

 
Figure 5 - Effect of the interaction between treatment type 

and substitution levels on cohesiveness values of cooked 

meat burger. Values followed by the same letter are not 

significantly different 

 

 
Figure 6 - Effect of the interaction between treatment type 

and substitution levels on resilience values of cooked meat 

burger. Values followed by the same letter are not 

significantly different 

 
Figure 7 - Effect of the interaction between treatment type 

and substitution levels on chewiness values of the cooked 

meat burger. Values followed by the same letter are not 

significantly different 
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Table 3 - The effect of the interaction between treatment type of lupin seed flour and substitution on TPA of 

cooked meat burger 

Texture Profile Analysis TPA* 

Interaction effect 
Hardness (g) Cohesiveness Resilience Springiness Chewiness (g) 

Treatment type Substitution level 

Lupin without treatment 

0% (control) 9239±310a 0.633±0.02a 0.2533±0.001a 0.7483±0.007 5881±85a 

5% 6771±297b 0.605±0.00ab 0.2317±0.002abc 0.7267±0.028 4088±185bc 

10% 4795±212c 0.633±0.02a 0.2367±0.005ab 0.7650±0.026 3015±21c 

15% 6253±323bc 0.558±0.01bc 0.2017±0.002de 0.7517±0.049 3490±267c 

Steaming treatment 

0% (control) 9239±310a 0.633±0.02a 0.2533±0.001a 0.7483±0.007 5881±85a 

5% 9432±198a 0.600±0.01ab 0.2350±0.012ab 0.7167±0.014 5674±246a 

10% 9123±270a 0.592±0.01ab 0.2283±0.012abc 0.6933±0.019 5406±258a 

15% 9724±608a 0.582±0.01abc 0.2200±0.001bcd 0.7150±0.026 5658±270a 

Roasting treatment 

0% (control) 9239±310a 0.633±0.02a 0.2533±0.001a 0.7483±0.007 5881±85a 

5% 8831±528a 0.570±0.02bc 0.2167±0.009bcde 0.7067±0.028 5064±487ab 

10% 8862±754a 0.555±0.01bc 0.2067±0.009cde 0.7083±0.049 4923±641ab 

15% 9511±183a 0.527±0.04c 0.1917±0.007e 0.7050±0.035 5146±341ab 

*M±Std.D, the values in the same column followed by the same letter are not statistically significantly different at the 0.05 probability level 

as determined by Tukey's test. 

 
 

Chemical analysis  

The moisture content of cooked and uncooked burgers was significantly affected only by substitution levels (Figure 

8). Only cooked burgers made with 10% and 15% substitution levels had significantly less moisture content than the 

control treatment, while the burgers made with a 5% substitution level did not significantly differ from the control. In 

contrast, the moisture content of uncooked burgers significantly decreased with each 5% increase in the substitution 

level, and its values ranged between 62.55 and 71.07%, with significant differences between them.  

The fat content of cooked burgers was significantly affected only by substitution levels, but the fat content of 

uncooked burgers was not significantly affected by substitution levels, treatment type, and interactions between them. 

The fat content of cooked burgers significantly decreased with increasing substitution levels above 5%, and the lowest fat 

content (10.78%) was recorded for burgers formulated with a 15% substitution level (Figure 9). 

The protein content of uncooked burgers was significantly affected by substitution levels, treatment type, and 

interactions between them; therefore, the results of the interaction effect will be presented. The protein content of cooked 

burgers was significantly affected by the substitution level; therefore, the results of the substitution level will be presented 

(Figure 10). Regarding the effect of flour substitution level, the protein content of uncooked burgers increased 

significantly with increasing substitution levels. All the treatments of uncooked burgers made with a 15% substitution 

level had the highest effect in increasing the protein content. Samples of cooked burgers formulated with substitution 

levels of 5, 10, and 15% had the highest effect in decreasing the protein content with no significant differences between 

them, which was significantly different from the control treatment.  

 

 

   
Figure 8 - Effect of using different levels of substitution of lupin flour on the moisture content of meat burgers before and after 

cooking. Values followed by the same letter are not significantly different 
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Figure 9 - Effect of using different levels of substitution of lupin flour on the fat content of burgers after cooking. Values followed 

by the same letter are not significantly different 

 

    
Figure 10 - Factors affecting protein content in burgers: (A) before cooking and (B) after cooking. Values followed by the same 

letter are not significantly different. 

 
Cooking measurements 

The values of cooking loss were significantly affected only by substitution levels. The values of cooking loss 

significantly decreased with each 5% increase in substitution level, with significant differences between them. On the 

other hand, as substitution levels increased from 0% to 15%, cooking loss values decreased significantly from 32.14% to 

13.09% (Figure 11). Fat retention was not significantly affected by substitution levels, treatment type, and interaction 

between them. The substitution levels significantly affected moisture retention (Figure 12). A significant increase in 

moisture retention values was obtained when substitution levels were increased, with significant differences between 

them. The burgers made with a 15% substitution level had the highest effect in increasing moisture retention values. The 

values of shrinkage were significantly affected by substitution levels of lupin flour (Figure 13). The results showed 

significant differences between values of shrinkage when increasing substitution levels. The lowest significant shrinkage 

values were for burgers with a 15% substitution level, which was followed by a 10% substitution level. The impact of using 

selected different treatments and different levels of lupin seed flour on sensory analysis is shown in Table 4. The 

steaming treatment with 10% lupin seed flour had the highest sensory score, whereas the control treatment with 0% 

lupin seed flour received the lowest sensory score. However, these differences were not significantly different.  

 

 
Figure 11 - Effect of using different levels of substitution on 

values of cooking loss. Fat retention. Values followed by the 

same letter are not significantly different. 

 
Figure 12 - Effect of using different levels of substitution on 

values of moisture retention. Values followed by the same 

letter are not significantly different. 
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 Figure 13 - Effect of using different levels of substitution on values of shrinkage. Values followed by the same letter are not 

significantly different 

 

Table 4 - Effect of using selected treatments of lupin seed flour and substitution levels on sensory analysis 

scores* 

Treatment  % Substitution Texture Color Taste 

Without    0 (control) 6.70±1.95a 7.20±1.23a 5.80±2.62a 

 5 7.60±0.84a 6.70±1.77a 7.10±2.03a 

 10 7.20±1.48a 6.20±1.55a 6.20±1.69a 

Steaming 5 7.60±2.37a 6.60±2.55a 6.80±2.15a 

 10 7.30±1.64a 7.50±1.27a 7.80±0.79a 

*The values are expressed as M±Std.D, and the values in the same column that are followed by the same letter are not significantly different 

at the 0.05 probability level. 

 

 

DISCUSSION 

 

Formulation of beef burgers 

High meat consumption worldwide is a growing danger to human health (Caputo et al., 2023). Red and processed 

meat intake has been associated with elevated risks of (CVD) (Bechthold et al., 2017) and a high prevalence of 

malignancies (Bouvard et al., 2015). Due to their high protein content (Sujak et al., 2006), low-fat content (Annicchiarico 

et al., 2014), and significant beneficial effects on the physiological state of the human body, in particular for those 

suffering from diabetes, hypertension, obesity, and (CVD) (Ahmed, 2014; Prusinski, 2017), this study sought to use lupin 

flour as a meat alternative in the preparation of beef burgers by substituting a portion of the meat with lupin flour. To 

achieve this purpose, the effects of the treatment of lupin seeds (without treatment, steaming, and roasting) and the 

substitution level of meat with lupin flour (0, 5, 10, and 15%). To the best of our knowledge, limited studies investigated 

the incorporation of lupin flour into meat products; for instance, El-Sayed (2013) studied the effect of replacing meat with 

5 and 7.5% of lupin seed flour on the quality characteristics of beef burger patties. Dalain et al. (2023) studied the impact 

of three different levels of sweet lupin flour (10, 20, and 30%) on the quality of chicken burgers. Regarding previous 

studies on the effect of the treatments of lupin flour on the quality of beef sausage, Leonard et al. (2019) studied the 

impact of roasted lupin flour on beef sausage's physicochemical and sensory characteristics.  

 

Instrumental color analysis 

The CIELAB color parameters (L*, b*, and ΔE*ab) were significantly affected (P≤0.05) only by substitution levels. In 

general, the developed beef burgers had higher L*, b*, and ΔE*ab with increasing substitution levels regardless of the 

treatment type. It is expected for the color of beef burgers to become lighter when using vegetables as an alternative to 

meat. This result is consistent with the results of Lee et al. (2021), who found that by replacing meat with lupin flour, the 

concentration of this pigment decreased, resulting in a product with a lighter color. In another study, L* values of chicken 

patties increased due to replacing chicken meat with oat flour (Serdaroğlu, 2006). Shokry (2016) found that as the meat 

substitution with quinoa flour increased, the meat burger's L* and b* values increased. Similarly, Al-Juhaimi et al. (2017) 

reported that as the Moringa oleifera seed flour level increased, the beef burger patties had high L* and b* values.  
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Textural properties of meat burgers are among the most influential factors in consumer acceptance (Fiorentini et al.
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between the substitution levels of lupin flour and the type of treatment, whereas different treatments did not affect 

springiness. This means that the texture profile parameters changed in a manner dependent on the type of treatment and 

the substitution level used. It is evident from the results the importance of the treatment of lupin flour in maintaining the 

texture integrity of cooked beef burgers – compared to the control with zero substitution level – with increasing the 

substitution level. From the results, using steamed lupin seeds flour with a 10% substitution level resulted in a texture 

profile that did not significantly differ from the control beef burger (0% substitution level); this indicates the role of lupin 

seeds treatment with steaming in improving the functional properties of lupin flour. Using untreated lupin seed flour to 

substitute meat in beef burgers significantly decreased hardness, chewiness, cohesiveness, and resilience. The results of 

the untreated lupin seeds flour are consistent with the results of the previous study; for instance, Vu et al. (2022) reported 

that the cooked plant-based patties had softer (lower hardness, cohesiveness, resilience, and chewiness) than the cooked 

beef patties. The changes in the structural properties might be attributed to the changes in the chemical composition and 

structure of different formulas; it has been reported that animal protein's heterogeneity with vegetable protein adversely 

affects its structural properties (Godschalk-Broers et al., 2022). Bakhsh et al. (2021) reported significant differences in 

the textural properties of meat and meat substitutes after cooking. 

Steamed lupin flour is an excellent choice for incorporating lupin flour into beef burgers. A previous study highlighted 

that protein isolates derived from legume grains subjected to steaming exhibited improved foaming properties (Naiker et 

al., 2020). This indicates that using steamed lupin flour can enhance the foaming capacity and stability of the burger 

mixture. Proteins with good foaming properties, characterized by flexible surfactant molecules that form cohesive visco-

elastic films at the air-water interface, can contribute to the desired texture of the burgers. The steaming treatment 

enhances the ability of lupin proteins to rapidly adsorb at the air-water interface, leading to increased foamability and 

improved cohesion in the burger mixture. Additionally, the higher ratio of acidic to basic amino acids in steamed lupin 

flour enhances protein solubility and flexibility, allowing for better spreading on the air-water interface and improved foam 

formation. Therefore, steamed lupin flour in beef burgers can enhance their textural properties by improving foaming 

capacity, stability, and cohesion (Adebowale and Maliki, 2011; Naiker et al., 2020). 

 

Chemical analysis 

The chemical parameters tested were mainly affected by the substitution level. This result is consistent with the 

findings of Serdaroğlu et al. (2018), who found that the incorporation of various levels of dried pumpkin pulp and seed 

mixture (0, 2, 3, and 5%) led to significant alterations in the majority of chemical parameters (protein, moisture, and fat) 

for both raw and cooked beef patties. The moisture content of uncooked (62.55 to 71.07%) and cooked burgers (56.34 – 

60.2%) was significantly affected only by substitution levels. Logically, the moisture content decreased with an increased 

substitution level because we removed beef meat and added dry lupin flour instead. The moisture content range in 

uncooked burgers was 8.52%, whereas in cooked burgers, it was 3.68%. The decreased range in cooked burgers was 

related to the improved water retention properties of burgers made with lupin flour, which increased with increasing 

substitution levels. Because the moisture contents of cooked burgers ranged from (50.78–60.86%), this result is close to 

what Abbas (2009) discovered in his study on the concurrent manufacturing of burgers from veal and legumes (peas and 

beans). Results were in contrast to the findings of Devatkal et al. (2011), who reported that the moisture content of 

cooked nuggets made with 5% sorghum flour instead of wheat flour was greater than that of the control group.  

The fat content of uncooked burgers was not significantly affected by substitution levels, treatment type, and 

interactions between them. However, the fat content of cooked burgers ranged between 10.78 and 13.72, significantly 

decreasing with each increment of lupin flour addition (Figure 9). This can be explained by the improved water retention 

with increasing the substitution level, considering that the fat content was expressed as a wet matter basis. The protein 

content of uncooked burgers increased significantly with increasing substitution levels due to the higher amount of 

protein in lupin flour (30–40%) Prusinski (2017) compared to that in beef meat used in this study (18.34%). However, the 

protein values after cooking were significantly lower in samples containing lupin flour (25.74-25.89%) compared to the 

control sample (27.63%). The justification of the contradictory results between protein content in uncooked and cooked 

might be explained by the increased water-holding capacity of burgers with the increased substitution levels and the low 

gelling power of lupin proteins (Abreu et al., 2023), which could cause loss of protein upon cooking.  

 

Cooking measurements 

The meat industry relies heavily on cooking properties such as cooking yield, cooking loss, and shrinkage to predict 

the behavior of products during cooking (Ahmed and Abdel-Rahman, 2022). It was evident from the results that the 

cooking loss values were significantly decreased by increasing the substitution levels. Regarding cooking shrinkage, it 

could be noticed that the values decreased as the level of substitution lupin flour increased from 5 to 15%. The lowest 

significant cooking loss and shrinkage values were for burgers with a 15% substitution level. These results may be 

attributed to the content of total fibers in lupin seeds, averaging 101 g/kg (Tizazu and Emire, 2010), and illustrated the 

role of high fiber content in the enhancement of cooking yield, water holding capacity, cooking loss, and shrinkage. This 

result was in line with a previous study by Shokry (2016) on the cooking yield in meat burgers formulated with quinoa 

flour, who illustrated that the cooking yield increased with increasing quinoa flour incorporated in beef burgers. 

Tabarestani and Tehrani (2014) found that combining soy flour with starch increased cooking yield, and splitting pea flour 
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in the mixed formula improved textural properties. As the levels of substitution of lupin seed flour increased, the moisture 

retention values were significantly affected and increased. This result is in accordance with those found by El-Sayed 

(2013), in which the moisture retention values were increased with increasing levels of lupin flour in beef burger samples. 

Tabarestani and Tehrani (2014) also documented improved moisture retention in low-fat hamburger patties with starch 

added.  

 

Sensory Evaluation 

A sensory evaluation test was conducted to evaluate consumers' acceptability and satisfaction toward beef burgers 

treated by steaming compared to the control sample (Table 4). The results showed no significant difference between 

steaming treatments with varying substitution levels compared to the control. This result is in agreement with the work of 

Devatkal et al. (2011), who reported that adding 5% sorghum flour to gluten-free chicken nuggets had the same flavor 

and texture as the control group (5% wheat flour), regarding all the sensorial attributes. Ramadan et al. (2016) found no 

significant differences in color, flavor, odor, appearance, or general acceptability between chicken burgers made with 

other grains such as wheat, sorghum, and maize. Dalain et al. (2023) studied the formulation of chicken burgers with 

three various levels of substitution of sweet lupin (10, 20, and 30%) and reported that chicken burgers containing 20% 

sweet lupin flour had the greatest sensory qualities. 

 
CONCLUSION  

 

Due to what we have reviewed of the results, the use of lupin flour had an apparent effect on improving the properties of 

beef burgers, as the most important results were reducing the shrinkage rate and the percentage of losses after cooking, 

noting that the shrinkage rate was in the control sample at (26.45%) and reached (18.8%), and the cooking loss 

percentage was in the control sample at (32.14%) and reached (13.09%). However, the results demonstrated the 

important effect of treatment, particularly steaming, in improving the functional properties of lupin seed flour, which were 

evident in maintaining the texture properties of the cooked beef burger while increasing the substitution levels. Lupin flour 

can be recommended as a potential new functional material for meat manufacturers that can replace soy proteins, which 

will be reflected in the quality of the final product. 
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ABSTRACT: Maggot’s frass is waste from cultivating maggots (insect larvae) which consists of media from 

maggot cultivation mixed with feces, skin and dead body of the maggots. The aim of the study was to 

examine the organoleptic quality, chemistry, worm eggs, lead (Pb) as heavy metal and microbiological profile 

of maggot’s frass as an alternative ingredient of poultry feed. A completely randomized design (CRD) with 3 

treatments (T1: frass media for household waste, T2: frass media for tofu dregs, and T3: frass media for 

vegetable and fruit waste) and 7 replications was used. The results showed that there was no effect of 

different types of media treatment on the organoleptic quality, chemistry and microbiological profile of 

maggot’s frass. The results of chemical analysis of maggot’s frass revealed moisture of 26.39 - 46.26%, 

crude protein of 10.92 - 16.37%, worm eggs in the dregs media tofu (16 EPG), vegetable and fruit waste (32 

EPG), total bacteria of 1.91-4.95 x 108cfu/g, and no any Escherichia coli and Salmonella isolates. Maggot’s 

frass which comes from fruit and vegetable waste was recommended. Therefore, maggot feed using fruit and 

vegetable waste treatment is recommended because of its high crude protein and metabolic energy and also 

without any E.coli and Salmonella contamination.  

Keywords: Black Soldier fly; Feed; Maggot’s frass; Larva; Waste. 
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INTRODUCTION   
 

New feed resources are solution to farmers regarded to the problem of cost and efficacy of feed. Alternative feed 

ingredients usually come from waste, such as agricultural waste, market waste, household waste and industrial waste 

(Boumans et al., 2022; Siddiqui et al., 2022). Population growth causes an increase in organic waste which has a 

negative effect on the environment (Henault-Ethier et al., 2017). Maggot or larvae of the Black Soldier Fly (BSF; Hermetia 

illucens) is bioconversion agents that able to convert organic waste into protein biomass (Chiam et al., 2021). Maggot has 

been used as an alternative feed ingredient to replace fish meal, because maggot's crude protein content is high 

(Luthada-Raswiswi et al., 2022). Makkar et al. (2014) reported that the use of maggot as much as 19% in poultry feed 

showed increased the digestibility and had no negative effects. Furthermore, utilization 10-15% maggot flour into poultry 

feed can improve performance and quality of carcasses (Hwangbo et al., 2009). However, intensive maggot cultivation 

has resulted in the emergence of new problems, namely by-products in the form of frass which has a fairly good 

nutritional content, it has the potential to be used as a poultry feed ingredient. 

Frass is leftover feed media from maggot cultivation mixed with fecal, skin and dead body of the maggot. Feed 

media directly affected the physical and chemical properties of frass, because the residue of undigested feed remained in 

the frass (Garttling and Schulz, 2022). The Maggot feed media is based on the organic waste, such as vegetable waste, 

fruit waste, restaurant waste, sausage industrial waste, tofu dregs, cassava and cassava peels. That was reported the 

quality of frass produced from different maggot feed media. Song et al. (2021) noted that frass from a mixture of tofu 

dregs and wheat flour contained 4.78% nitrogen (N), or 29.87% protein. Frass from a mixture of radish and carrot waste 

contains 2.04% N or 12.75% protein, from restaurant waste contains 3.15% N or 19.69% protein (Chiam et al., 2021), 

from a mixture of fruit and vegetable waste contains 1.83% N or 11.44% protein (Lopes et al., 2022). Klüber et al. (2022) 

stated that frass from maggot cultivation with Palm Kernel Meal (PKM) feed had a crude protein content of 19.32%, 

0.36% crude fat and 21.11% crude fiber. Taking into the results of the research above, it appears that frass is worthy of 

consideration for use as poultry feed. 

This study aimed to examine the quality of frass as an alternative feed ingredient in terms of organoleptic, chemical, 

and microbiological quality. The benefit of research is to become a reference for breeders to try alternative feed 
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ingredients that are easy to get, inexpensive, of good quality, and meet the needs of animals. The research hypothesizes 

are the different types of maggot feed affect the organoleptic, chemical, and microbiological quality of maggot’s frass. 

 

MATERIALS AND METHODS 

  

Materials 

Materials used in the present study included frass, 0.3 N H2SO4, 1.5 N NaOH, aquadest, salt, lead colorimetric test 

kit, 0.85% physiological NaCl, crystal violet solution, 96% alchohol, Lugol's solution, pH paper test (Merck®, Germany), 

silica gel, filter paper and safranin O (C.I. 50240). The tools used were analytical balance kern ABJ-220 with an accuracy 

of 0.01 gram, porcelain cup, sistered glass, Universal Drying Oven UN 55, 50 ml glass beaker, desicator, vacuum pomp, 

soxhlet, thermo furnace F48010-26, glass jar, glass handle loop - W4, object class 25,4x76.2 mm, 22×22 ml cover glass, 

and an Olympus CX-33 microscope. 

 

Methods 

The research design used a completely randomized design (CRD) with 3 treatments and 7 replications. Treatment 

T1: using feed from household waste, T2: using feed from tofu dregs, T3: using feed from vegetable and fruit waste. 

Parameters observed included frass organoleptic tests, nutritional quality of frass, worm eggs, heavy metal (Pb) and 

maggot’s frass microbiological profile. 

 

Organoleptic test 

Organoleptic tests measured include color, odor, texture and contamination. Data collection was carried out with 20 

semi-trained panelists. The test is carried out using a scoring method with 7 levels of a comparison scale (Utama and 

Christiyanto, 2021). 

 

Pollution assessment 

Score 1: 0 level contamination; Score 2: 1 level contamination; Score 3: 2 level contamination; Score 4: 3 level 

contamination; Score 5: 4 level contamination; Score 6: 5 level contamination; Score 7: 6 level contamination. 

 

Odor assessment 

Score 1: The odor of ammonia is very strong; Score 2: A strong odor of ammonia; Score 3: Ammonia odor is a bit 

overpowering; Score 4: Typical odor of ammonia; Score 5: Slight odor of ammonia; Score 6: Very slight odor of ammonia; 

Score 7: Ammonia has no odor. 

 

Texture assessment 

Score 1: No lumps; Score 2: Very few lumps; Score 3: Few lumps; Score 4: Moderate; Score 5: more lumps; Score 6: 

Very many lumps; Score 7: Combine everything. 

 

Color rating  

       

Score 1:  

Deep Black 

Score 2:  

Black 

Score 3:  

Dark Dark Brown 

Score 4:  

Dark Brown 

Score 5: 

Chocolate 

Score 6:  

Light Brown 

Score 7: 

Yellow Brown. 

 

Proximate test 

Proximate analysis consisting of moisture, ash content, crude fat, crude protein and crude fiber was carried out 

using the AOAC (2005). 

  

Worm contamination test 

Worm egg contamination testing was carried out using the Mc Master method (Foka et al., 2021). The number of 

eggs observed in each column is calculated using the formula: EPG = 2n × 50 

Which, n= The number of worm eggs counted in the counting chamber; EPG= Eggs per gram. 

 

Lead (Pb) heavy metal contamination test 

Testing for the Pb metal content in the samples was carried out using the atomic absorption spectrophotometer 

(AAS) method (Oloo and Awuor, 2019). Calculation of the concentration of lead (Pb) uses the equation for the 

concentration of Pb as follows (AOAC, 2005); (µg/g) = "C x VC x V" / "W W" 

Which, C = concentration measured in mg/L (ppm) converted to µg/L (ppb); V = total sample volume (mL) converted 

to liters (L); W = sample weight (g). 
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Microorganism contamination test 

Determination of the number of bacterial colonies for each sample was measured using the total plate count (TPC) 

method. Bacterial population is calculated as follows: Bacterial population (cfu/g) = Number of Colonies × Dilution 

 

Data analysis 

The research data obtained was tested using analysis of variance (ANOVA) to determine the effect of treatment with 

a significant level of 5%. If there is a real effect, it be continued with the Duncan multiple range test. 

 

RESULTS AND DISCUSSIONS 

 

Organoleptic quality of Maggot’s frass  

Organoleptic tests including data on color, odor, texture and contamination of frass did not show any differences in 

the characteristics shown in table 1. 

The results of organoleptic parameters showed that among the treatment of different types of maggot feed did not 

show a significant difference (P>0.05) to frass color. The average value of frass color was 1.34. The value of 1.34 showed 

that frass has a deep black color. Van Looveren et al., (2022) stated that frass has a black color. Frass color is influenced 

by moisture, contaminants in feed and maggot feed ingredients (Basri et al., 2022).  

The results of showed that the treatment of different types of maggot feed did not affect the odor of frass (P>0.05). 

The average odor rating is a score of 4, which means it has a distinctive odor of ammonia. The odor of ammonia comes 

from the decomposition of organic matter by microorganisms. Jayanegara et al. (2017) stated that the odor of ammonia 

is due to the evaporation of gases resulting from the decomposition of bacteria. Factors that can affect the odor of frass 

are moisture, fat and protein content and the type of feed (Tschirner and Simon, 2015).  

The average result of the texture value of frass is 2.70. The value of 2.70 indicates that the texture of the frass has a 

few lumps. A slightly lumpy texture indicates that the moisture of Maggot’s frass is quite high. Jayanegara et al. (2017) 

stated that the moisture affected the texture, because high moisture facilitates the appearance of lumps and damage 

caused by the emergence of bacteria, mold and fungi. The texture of a feed ingredient may affected feed consumption 

and digestibility (Pazoki et al. 2017).  

The results of frass contaminates showed that the treatment did not affect frass contamination (P>0.05). In the 

assessment of contamination, the average score is 2.53. This shows that there are 2 types of contamination in frass. 

Contaminants that are often found in frass are yarn and plastic. Beale et al. (2022) stated that contamination of frass in 

the form of plastic material could be minimized by separating it before giving it to maggot. Maggot’s frass contamination 

comes from a mixture in feed that cannot be digested and will remain in frass. Lopes et al. (2022) stated that materials 

that cannot be digested by maggot will remain in frass. 

The organoleptic conditions of maggot’s frass in this study showed the appropriate color and odor. The presence of 

contaminants in maggot’s frass needs to be cleaned before being used as a poultry feed ingredient. 

 

Table 1 - Frass organoleptic test 

                                                 Treatments  

Parameter 
T1 T2 T3 P-Values  

Color 1.25±0.26 1.37±0.31 1.64±0.45 NS 

Odor 4.75±1.49 4.08±1.51 4.02±1.10 NS 

Texture 2.53±0.79 2.56±0.92 3.02±0.77 NS 

Contamination 2.35±0.29 2.60±0.40 2.64±0.53 NS 

NS: non-significant (P>0.05). 

 

Chemical quality of maggot’s frass 

The chemical quality of frass includes water content, organic matter, crude protein, ether extract, crude fiber, 

nitrogen-free extract (NFE), pH, metabolic energy, the presence of worm eggs and heavy metals (Pb) shown in table 2. 

Different types of maggot feed influence characteristics and contents of maggot frass. 

The types of maggot feed showed significant differences (P<0.05) in frass moisture. The highest moisture was at T3 

with 46.29% followed by T1 35.41% and T2 26.39%. The difference in moisture in Frass is caused by the moisture of the 

type of feed given. Pham et al. (2015) stated that vegetable waste has a high moisture, namely around 91.56%. The 

moisture of maggot’s frass from the three treatments is high because the moisture is more than 14%. Sharif et al. (2021) 

stated that moisture that is too high can reduce the quality of feed ingredients, because it will become a medium for 

growing microorganisms. Different treatments showed significant results (P<0.05) on frass ash content. Ash content 

showed the amount of inorganic material content in a material. Elechi et al. (2021) stated that during the maggot 

maintenance phase, frass mixed with maggot manure which has a lot of inorganic substances. The treatment 1 had a 

high ash content indicating that frass contained a lot of inorganic substances which affected the organic matter content. 

Yildirim-Aksoy et al. (2020) stated that the ash component in maggot’s frass consists of mineral content, salts and 

inorganic compounds in the form of oxides in organic waste provided and not consumed by maggot. 
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Table 2 - Chemical Quality of Maggot’s frass 

                                       Treatment 

Parameter 
T1 T2 T3 P-Values 

Moisture (%) 35.41±13.27a 26.39±12.02b 46.26±9.13c * 

Dry matter (%) 95.70±1.61 96.79±1.46 95.20±1.31 NS 

Ash (%) 23.50±9.67a 19.05±5.83a 13.16±5.43b * 

Crude protein (%) 10.92±3.01b 14.72±6.75a 16.37±3.98a * 

Extract ether (%) 2.04±0.97 3.40±3.63 2.70±1.87 NS 

Crude fiber (%) 16.62±5.53 18.95±7.64 17.14±6.01 NS 

Nitrogen free extract (NFE; %) 46.92±4.71b 43.88±4.88b 50.63±5.40a * 

Metabolic energy (Kkal/Kg) 2318.52±438.00b 2454.48±452.36b 2617.45±291.89a * 

pH 6.98±0.45 6.75±0.77 6.88±1.31 NS 

Worm eggs (Egg per Gram) 0c 16.00±5.77b 32.00±3.47a * 

Pb (lead) (mg/ kg) 0 0 0 NS 

Different superscripts in the same line show a significant difference (P<0.05), NS: non-significant (P>0.05); * : P<0,05.   

 

The results of crude protein levels in table 2 show that there are differences in the type of treatment feed (P<0.05). 

Frass crude protein levels in the study were highest at T3, namely 16.37%. Arabzadeh et al. (2022) stated that frass has a 

crude protein content of around 19.32%. The T3 treatment has a higher protein content which is possible because fruit 

and vegetable waste has a better nutritional content. The protein content in maggot’s frass comes from leftover feed, 

maggot droppings, loose maggot skin and dead maggot during the cultivation period (Chiam et al. 2021).  

Treatment of did not show significant differences in extract ether content of frass. Maggot’s frass extract ether 

content ranges from 2.04 – 3.40%. Arabzadeh et al. (2022) stated that maggot’s frass contains extract ether of around 

0.36%. Maggot frass's fat content comes from maggot's ability to convert fiber in organic waste into fat in maggot's body 

which comes out with feces. According to Zheng et al. (2012), the black soldier fly has cellulose bacteria in its digestion to 

help convert organic waste fiber into fat and protein in its body biomass. 

The results of the statistical analysis showed that the treatment of different types of feed did not affect the crude 

fiber content (P>0.05). The crude fiber content in frass ranges from 16.62 - 18.95%. Arabzadeh et al. (2022) stated that 

maggot’s frass has a crude fiber content of 21.11%. The low crude fiber content in frass is because the crude fiber will be 

hydrolyzed by microbes into an energy source in the form of carbon for BSF maggot. Frass crude fiber content is affected 

by the type of feed given during the cultivation period. Garttling and Schulz (2022) stated that the content of the type of 

feed given will affect frass crude fiber. 

The value of extract material without maggot’s frass nitrogen showed significant differences (P<0.05) from the 

treatment of different types of feed. Significantly different NFE values were due to significantly different protein values. 

Barroso et al. (2014) stated that the content of extract ingredients without nitrogen (NFE) of feed ingredients is very 

dependent on other components such as crude protein, crude fiber, crude fat, ash. Nitrogen free extract is a soluble 

carbohydrate including monosaccharides, disaccharides and polysaccharides which are easily soluble in acid and alkaline 

solutions and have high digestibility (Chiang and Lai, 2018). 

The results of the analysis of variance showed that the treatment of different types of feed affected the metabolic 

energy content (P<0.05). The T3 treatment had the highest energy content with 2617.45 Kcal/kg. This can be caused 

because fruit and vegetable waste has a fairly high energy content and there is starch that is not digested by maggot so 

that it is excreted with feces and mixed into frass. Barzegar et al. (2019) stated that high metabolic energy is due to the 

high starch content in feed ingredients. The value of the metabolic energy content is related to the nutritional content of 

the material (Banavar et al. 2022). 

Maggot’s frass pH values of the three treatments ranged from 6.75 to 6.98. Song et al. (2021) stated that frass has 

a pH value of around 6-7. Frass pH will affect the content of microorganisms and the activity of microorganisms contained 

in frass. According to Jiang et al. (2019) the pH of a material also affects the activity of microorganisms. 

In the observation of heavy metals, no lead (Pb) contamination was found in all frass samples. Heavy metal 

contamination cannot be degraded naturally and can accumulate in the bodies of animals and humans, affecting the 

work of enzymes, causing allergies and being mutagenic, teratogenic or carcinogenic (Geng et al., 2022). The limit for 

heavy metal contamination in feed is a maximum of 10 ppm. According to Elechi et al. (2021) the threshold for heavy 

metals content in feed is 10 mg/kg.  

There was worm contamination in the T2 treatment with a total of 16.00 eggs per gram and T3 32.00 eggs per 

gram (EPG). The content of worm eggs in maggot’s frass is still relatively safe. Utama et al. (2021) stated that the worm 

egg content in the mild class ranges from 0-500 EPG. The types of worm eggs detected were Nematoda (Trichostrongylus 

Sp), Nematode Trichostrongylus Sp and Nematoda Ascaridia Sp. The content of these worm eggs is thought to come from 

the feed given, because most of the feed comes from vegetable waste which comes from markets (Van der Spiegel, 

2013). 
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Frass microbiology profile 

The results of the analysis of total bacteria, total lactic acid bacteria (LAB), total fungi, Escherecia coli 

contamination, and Salmonella sp can be seen in Table 3. The type of feed treatment did show a significant difference 

(P<0.05) to the total bacteria. The highest total content of maggot frass bacteria at T2 ranged from 4.95 x 106 Cfu/g. The 

T2 treatment may contain substrates that affect the survival and activity of a microorganism. Paritosh et al. (2017) stated 

that the pH value, temperature and substrate content in a medium will affect the activity of microorganisms. Total 

bacteria include gram positive and negative bacteria that live in a material. The total content of good bacteria in feed 

poultry is around 3 x 106 CFU/g (Cegielska-Radziejewska et al., 2013). 

The total LAB value in maggot’s frass is around 1.30 x 106 - 2.52 x 106 Cfu/g. The insignificant LAB content was due 

to relatively the same pH value. Astuti et al. (2022) stated that the increase and decrease in total LAB was influenced by 

several factors such as nutrient availability, temperature and pH value. LAB can survive in frass made possible because of 

the availability of protein and carbohydrates as a source of energy for LAB to develop. Hadj Saadoun et al. (2020) stated 

that LAB requires easily soluble carbohydrates to be a source of energy and protein to grow. The LAB population for 

poultry digestion that does not have a negative effect is around 108 CFU (Prado-Rebolledo et al., 2016). 

The results of the analysis showed that different feed treatments did not show significant differences in the total 

number of fungi (P>0.05). The total content of fungi in maggot’s frass ranged from 0.20 - 0.70 x 106 Cfu/g. The 

appearance of mushrooms is due to the high moisture in maggot’s frass. Astuti and Komalasari (2020) stated that fungi 

will grow more easily in environments with high moisture content or humid conditions. Fungi can appear and develop on 

materials that have a moisture of more than 13% and a pH of 3 - 8 (Dewi et al., 2014).  

Frass samples were not found to be contaminated with E.coli bacteria. This is possible because of the antibacterial 

content contained in the maggot body. Kar et al. (2021) stated that the advantage of black soldier fly is that it has anti-

microbial content. The anti-bacterials contained in maggot include methanol, lauric acid and saturated fatty acids. 

Ardiansyah et al. (2021) stated that BSF larvae have natural antibacterial and antiviral properties that can prevent the 

emergence of pathogenic bacteria. The content of pathogenic bacteria in maggot’s frass will be harmful when given as 

feed (Alonso-Hernando et al., 2013). 

 

Table 3 - Frass microbiological profile 

                                               Treatment  (106 Cfu/g) 

Parameter 
T1 T2 T3 P-Values 

Total Bacteria  2.08±2.27b 4.95±3.80a 1.91±2.71b * 

Total LAB  1.30±1.20 2.00±1.41 2.52±3.54 NS 

Total Fungi  0.60±0.65 0.70±1.09 0.20±0.27 NS 

E.Coli  0 0 0 NS 

Salmonela  0 0 0 NS 

Different superscripts in the same line show a significant difference (P<0.05), NS: non-significant (P>0.05); * : P<0,05.   

 

Table 4 - Bacterial culture results from maggot’s frass 

Type bacteria Bacterial morphology Total (%) 

Gram positive 

Solitary 18 25.35 

Stem 13 18.31 

Duplo 11 15.49 

Coccus 11 15.49 

Yeast 7 9.86 

Oval 7 9.86 

Row 2 2.82 

Spores  2 2.82 

Total  71 100 

Gram negative 

Solitary 13 50 

Stem 12 46.15 

Cocobasil 1 3.85 

Total  26 100 

 

Frass samples were not found to be contaminated with Salmonella sp. Salmonella bacteria are included in the 

category of pathogenic bacteria. Tariq et al. (2022) stated that Salmonella is a gram negative that is harmful to livestock. 

The impact of Salmonella bacterial infection in livestock can cause Salmonellosis. According to Ferarri et al. (2019) 

salmonella contamination can cause salmonellosis with symptoms of diarrhea, in poultry the contamination can reach 

the eggs. One way to reduce the content of Salmonella in a material is by heating it to a temperature of around 900C 

(Santos Dalolio et al., 2017).  
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Table 4 shows that the growth of bacteria, 97 bacteria where 9 types of bacterial morphology consist of 8 types of 

gram positive and 3 types of gram negative. 9 types of gram-positive bacteria morphology, namely solitary (25.35%), 

stem (18.31%), duplo (15.49%), coccus (15.49%), yeast (9.86%), oval (9 .86%), lined (2.82%), spore (2.82%) and 3 types 

of gram-negative morphology, namely solitary (50%), stem (46.15%) and cocobasil (3.85%). 

Gram positive bacteria have a cell wall structure with a thick peptidoglycan content. The total weight of the cell wall 

of gram-positive bacteria is a multiplayer peptidoglycan network bound by the inner membrane (Gangwal et al., 2022). 

Gram positive bacteria are dominated by bacteria with rod and solitary morphology. Examples of bacteria with solitary 

morphology are staphylococcus and bacteria with rod morphology are lactic acid bacteria. The presence of gram-positive 

bacteria such as lactic acid bacteria can minimize the risk of digestive disorders caused by negative bacteria such as 

Escherichia coli (Utama, et al. 2021). 

Gram-negative bacteria with rod and solitary morphology are namely Shigella sp. and Ralstonia solanacearum 

(Komariah et al., 2013). The content of Shigella sp in feed ingredients will be dangerous because they are pathogenic. 

Shigella sp. produces exotoxins that interfere with the digestive tract. The content of the Ralstonia solanacearum bacteria 

is possible because it was carried along with vegetable waste because its presence is often found in tomato plants. The 

presence of lactic acid bacteria can minimize the presence of gram-negative bacteria such as Shigella sp. Fanin et al. 

(2018) stated that the number of gram-negative bacteria will decrease as the number of gram-positive bacteria increases.  

The results of the microbiological content of maggot’s frass with different types of feed media showed no difference. 

The microbiological content of maggot’s frass in the study showed safe results, seen from the content of total bacteria, 

total LAB and total fungi and there was no E.coli and Salmonella content. 

 

CONCLUSION  

 

Treatment of different types of feed did not affect the organoleptic quality and microbiological profile of maggot’s frass 

but affected the chemical quality maggot’s frass. Therefore, maggot feed using fruit and vegetable waste treatment is 

recommended because of its high crude protein (16.37%) and metabolic energy (2617.45 Kcal/kg) and also without any 

E.coli and Salmonella contamination. 
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ABSTRACT: Microplastics (MPs) the products of plastic breakdown, are entering the environment as a result 

of plastic abuse, which are of size less than 5mm. Due to their ubiquitous nature, MPs have become a 

significant environmental concern. One alarming area of MPs contamination is their potential presence in the 

feed of edible animal species. Growing research suggests that MPs can enter food products and subsequently 

move to various trophic levels of food chains. Hence, assessing the threat of MPs contamination in animal 

feed is important for food security and human health. In this investigation, 36 livestock and poultry feed 

samples were collected from 12 different farms, MPs were detected using Fourier Transform Infrared 

Spectroscopy (FTIR) and Differential Scanning Calorimeter (DSC). The Nano particle analyser was used to 

determine the size distribution, and Pyrolysis-GC/MS was used to quantify MPs. According to the findings, all 

the feed samples contained a significant amount of Polyethylene terephthalate (PET), Polypropylene (PP), 

and Polyvinyl chloride (PVC) and the particle size ranged from 2.02 to 10.7 µm. Present study has given 

detailed information on the size distribution of MPs in animal feed, which is thought to enable them to pass 

through membrane barriers. From the findings it is evident that there are high chances of MPs entering 

animal feed due to the continuous contact of the feed with plastic-based materials. These MPs can 

accumulate in the tissues of animals and potentially be transferred to humans through the consumption of 

meat, milk, and other animal-derived products. Subsequently these MPs can finally bio-accumulate in 

humans and cause serious health issues. 

Keywords: Feedstuff, Membrane barriers, Nanoparticles, Pyrolysis-GC/MS, Size distribution. 
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INTRODUCTION   
 

The industrial revolution has escalated the economic growth of the country while depleting the social and health 

standards of the poverty line. The ever-racing production of daily products also creates equal and sometimes more 

pollutants that are discharged relentlessly into the ecosystem (Pan et al., 2022). The lagging pace between the pollutant 

generation rate and their degradation rate has necessitated the introduction of new and logistic methods to deal with it. 

The most important and serious problem in the present day is microplastics (MPs; Fadare et al., 2020). The use of various 

kinds of plastics as raw materials, packaging material and ingredients in many industrial sectors due to their cheaper 

price has made it inevitable to be avoided. The flushed MPs without any primary treatment in the environment can cause 

many natural imbalances thus disrupting the ecosystem (Reeves et al., 2022). Many new scientific researchers are trying 

to find alternatives and techniques that help in minimising and eliminating microplastic entry into our daily lives.  

The pervasive nature of MPs has made it a hit spot for many scientists. MPs can be classified into two major groups 

depending on their origin (1) Primary MPs (2) secondary MPs (Du et al., 2020). Primary microplastics are commercially 

synthesised as such in small size for many industrial applications such as cosmetics, textile industries, for making fishing 

nets or any other filtering materials, while the secondary MPs are the result of fragmentation, decomposition or recycling 

of macro plastic materials. The surface characteristics of MPs encourage both heavy metal adsorption and desorption. 

The heavy metals trapped on to these microplastics surfaces cause additional stubbornness to them by creating 

complexes that are hard to decompose (Hale et al., 2020).  

The contamination of water and soil with these MPs had led to a channel for them to enter the food chain (Picó and 

Barceló, 2019). These MPs, being in nano-micro scale can easily enter the plant and animal biological system through 

osmosis. The MP content gets stagnated in the food storage bodies of plants such as fruits, roots and leaves. When an 

animal or a human consumes these crops the amount of microplastic content multiplies depending on the quantity of 

intake. There they enter the bio-chain naturally (Lehel and Murphy, 2021). Moreover, the presence of MPs in animal feed 

is becoming prevalent these days. Fish meals are used to feed farm livestock like pigs, poultry, and fish because of their 

high-calorie count, good amino acid profile, and affordability. Fish contaminated with MPs can act as a source of MPs 

(Thiele, 2021). In addition, pig feed samples obtained from China, have shown the presence of polycarbonate (PC) and 
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polyethylene (PET) (Xu, 2022). By the consumption of water contaminated with MPs, they directly enter the blood stream 

of any organism leading to its accumulation in the body and later creating macro lumps that obstruct the natural flow of 

fluids in the bio-system (Norberg-Hodge, 2006). MPs were identified in the excreta of farm animals like sheep which is a 

clear evidence of MP contamination in animals (Beriot, 2021). As there are very few methods and techniques available to 

recognise the presence of MPs a lot more research is needed in this area. 

The major victims of this microplastic pollution are the aquatic plants and animals. Especially, fish that consume 

MPs through water have major respiratory and reproductive issues (Wang et al., 2020). The fish have special respiratory 

routes that involves transportation of water through the canals of their gills allowing exchange of gases. The accumulation 

of these MPs in these narrow canalised system makes it hard for the water flow (Koongolla et al., 2020). Apart from the 

obstruction of the respiratory gills, the consumption of these MPs effects the reproductive capacity of many 

microorganisms and fishes in the aquatic system that effects the overall balance in the ecosystem (Jin et al., 2022).  

 

MATERIALS AND METHODS 

 

Sample collection 

All the animal feeds (cow, pig, chicken, and fish) samples were collected from different livestock farms located in 

and nearby locations of Visakhapatnam. A total of 36 feed samples (100g) were collected from 12 different livestock 

farms (cow feed A,B,C, pig feed D,E,F, chicken feed G,H,I, fish feed J,K,L).  All the samples were carefully weighed and 

gathered in sterile glass bottles which were pre-cleaned and stored in a dry place until further analysis. The details of 

farms and the composition of feed was given in Table 1. 

 

Table 1 - Composition of various animal feeds used in the study. 

Animal Farm Composition 

COW 

A Corn, straw, whole cotton seed, vitamins and minerals mix 

B Basal grain, chopped hay, soybean hulls, vitamins 

C Corn silage, crushed maize, wheat bran, mineral mixture 

PIG 

D Soybean meal, meat and bone meal, wheat, and barley. 

E Wheat, maize, wheat bran, peas 

F Palm kernel meal, rice bran, maize cassava 

CHICKEN 

G Soya, maize, bone meal fish meal, growth premixes 

H Corn gluten meal, soybean oil, limestone mineral mixes 

I Soy protein concentrate, crude fibre, mineral, and vitamin premix 

FISH 

J Palm oil, groundnut cake and maize powder, bone meal, premix 

K Mustard oil cake, poultry by-products, bone meal, vitamin mixes  

L Oyster shell meal, soybean grits, mustard oil cake, mineral, and vitamin mixes 

 

Processing feed samples 

At the time of collection, the feed samples were in various forms (pellets, powder). The pellet form samples were 

finely ground and homogenized using a mortar and pestle. All the ground feed samples were oven dried to remove any 

moisture that might have been present. Stainless steel sieves (mesh size 5mm) were used for primary filtration to remove 

large-sized coarse particles which might obstruct the vacuum filtration process. In secondary filtration, the samples were 

passed through a glass fibre filter with a 20 mm diameter and 2µm mesh size. The MPs were separated from the 

samples using Accelerated solvent extraction (van der Veen et al., 2022) with tetrahydrofuran and methanol. Prior to 

transferring the filter papers to a pyrolysis cup with residue they were placed in clean petri dishes, and dried at 45oC in an 

oven for 4hrs.  

 

Characterisation of MPs 

The chemical composition of the particles was determined using FT-IR (Fourier transform infrared) in the region of 

4000 to 400 cm-1 by Bruker and the thermal characteristics (melting points) of the polymers were assessed using DSC 

(Differential scanning colorimeter) STA7300 Thermal Analysis System. A technique that included heating from 30 to 

300°C, cooling to 30°C, and then heating again to 300°C with nitrogen flow rate of 100 mL/min-1 was used for the 

analysis. 

 

Surface Morphology and size analysis 

The topography of the MPs was determined using Field Emission Scanning Electron Microscopy (FESEM, Carlzeiss 

Ultra 55). The average size of the extracted particles was obtained using Nano Particle Size Analyser (NPA), HORIBA SZ-

100. 
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Quantification using Pyrolysis - GC/MS 

According to a previously described and approved procedure (Leslie et al. 2022 and van der Veen et al. 2022), the 

microplastic content of each sample was examined. The multi shot pyrolysis unit EGA/PY-3030D was used for the 

analysis in "double shot" mode. The sample was initially put into the pyrolyzer unit at 100°C and heated to 300°C at a 

rate of 50°C/min. The GC/MS measurement for any volatile substances on the filter began after the sample was 

withdrawn since they thermally desorb between 100° and 300°C. A 30-meter long, 0.25 millimetre thick, 0.25-

micrometer Ultra Alloy-5 column was installed in the GC/MS (Agilent 6890 GC and 5975C MS). Measurements were 

carried out in split mode (1:50 split ratio) and full scan mode (m/z 33–500). On the GC column, the chemicals were 

recovered. The column was designed to operate for a total of 20 minutes, rising from 40°C (2 min) at a rate of 20°C/min 

to 360°C, then holding at 360°C for 2 min. The pyrolyzer was heated to 600°C following the thermal desorption stage, 

and the filter was reintroduced (1min) for the following measurement (pyrolysis). The column was configured to run for 20 

min, going from 40°C (2 min) at a rate of 40°C/min to 360 °C (2 min). The components that are volatilized at 300°C are 

the substances that are desorbed in the first run (or "shot") and may comprise unpolymerized monomers, additives, and 

other sorbed chemicals. With the exception of PET, where the derivatization product already forms at 300°C and the 

results from both the first and second shots were combined, any monomers (such as benzene or styrene) that may have 

been present during this run were not taken into consideration when calculating the concentrations of plastic particles. 

The other polymer concentrations linked to the polymers were determined using the pyrolysis second "shot" 

chromatograms.   

 

RESULTS AND DISCUSSION 

 

In this investigation, a total of 36 animal feed samples, including nine samples each of cow, pig, chicken, and fish feed, 

were gathered. All the tested feed samples were found to contain MPs, which was confirmed using FTIR and DSC, but the 

concentration and type of polymer identified varied among different feed samples and farms which can be seen in fig.4. 

While some of the feed were found to contain plastic particles which are visible to naked eyes, these macroplastics were 

separated during primary filtration process. Ten procedural blank samples were collected, analysed, and compared to the 

feed samples in the same series and all the experiments were performed in triplicates. 

 

Characterisation of MPs 

Identification of the MPs is essential, hence FTIR seems to be a preferable method for examining their properties 

with respect to functional groups. From the FTIR spectra (figure 2), functional groups specific to each polymer were 

observed. Polymers with peaks 1860, 1766, 1240 and 720 were confirmed as PET, samples which showed peaks 2898, 

1415, 1258, 736 and 600 were identified as PVC, and polymers with peaks 2920, 1719, 1170, 1454, 970 were detected 

as PP. The outcomes of DSC (figure1) were in accordance with the results of FTIR. The endothermic peaks represented in 

the graph indicate the melting points of the respective polymers, while the ascending points indicate the exothermic 

reactions. A slight shift can be seen in the melting points of PP and PET with peak temperatures 160±3°C and 260±3°C, 

respectively, but the endothermic peaks acquired in this study were in congruence with the data available in the literature 

(Guaita et al., 1985). The thermolytic behaviours of plastics are reportedly affected by thermolysis conditions and the 

status of plastic particles such as additives, particle size, degree of polymerization, and crystallinity (Guaita et al., 1985; 

Choi et al., 2021). These findings confirm that PP and PET were the most widely utilised and discarded polymers, which is 

incompetence with other recent studies that demonstrated their pervasive prevalence in cattle and poultry farms globally 

(Geyer et al., 2017). Plastic bottles, polythene bags and disposable plastic items can be a possible source of PET in the 

feed samples because PET was found in significant amounts in all the samples (Peez et al., 2019). 

 

The highest concentration of PET was 693µg while PP and PVC were in the range of 597µg and 553µg respectively (table 

2a-2b). In a single sample, up to three different types of polymers were discovered. When compared among all the farms 

(cow, pig, chicken and fish) the highest concentration of microplastics was extracted from the samples of chicken farms 

(G, H, I) then followed by the fish farms (J, K, L) which can be observed from Figure 4. Microplastic particles ranged in size 

from 2.02 to 10.7 µm, with a higher proportion of those in the 3-6 µm size range compared to other ranges. Based on the 

outcomes these particles can have the ability to enter the blood stream by crossing the intestinal membrane barrier (Luo 

et al., 2019). According to literature MPs can occur in different shapes like fibres, fragments, pellets etc., among which 

MP fibres were found to be more toxic and damaging compared to other shapes of MPs (Thornton Hampton, 2022). In the 

present study, to know the physical form and shape of extracted MPs, they were observed under the Scanning electron 

microscope. Few Scanning electron microscopic images of the extracted MPs from various farms (Figure 3) exhibited 

fibre-like MPs with surface fractures and disrupted structures. The disintegration of the fibres suggests that these plastics 

might have undergone mechanical weathering. The surface properties of a polymer play a key role in determining its 

adsorption abilities. The surface morphology of the extracted MPs may facilitate the adsorption of heavy metals, toxic 

chemicals and microorganisms from their surrounding environment onto their surface further increasing the risk of these 

contaminants. 

Quantification, size analysis and surface morphology 

The results of Py-GC/MS show that each sample had a different distribution of polymer types and concentrations. 



351 
Citation: Maganti SS and Akkina RC (2023). Detection and characterisation of microplastics in animal feed. Online J. Anim. Feed Res., 13(5): 348-356. DOI: 

https://dx.doi.org/10.51227/ojafr.2023.50 

 
Figure 1 - DSC curves of polymers illustrating the melting points of MPs detected in the feed samples.     

 

 
Figure 2 - FTIR Spectra of polymers identified in the feed samples 
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 Table 2a - Concentration (µg/g) and size of MPs in feed samples cow feed (A-C) and pig feed (D-F) 

Sample No. Feed type Farm PP PET PVC Size (µm) 

1 Powder A1 163 173 -- 2.1 

2 Powder A2 164.7 171.9 -- 2.0 

3 Powder A3 165.9 172 -- 2.02 

4 Powder B1 -- 89 601.3 9.24 

5 Powder B2 -- 88.6 600.6 9.0 

6 Powder B3 -- 87.8 602 8.9 

7 Powder C1 245 325 482.6 11.0 

8 Powder C2 246.6 324.4 483 10.70 

9 Powder C3 247.2 325.8 483.8 10.1 

10 Pellet D1 98 237.3 95.9 7.0 

11 Pellet D2 97 236 96.7 7.1 

12 Pellet D3 99.6 236.7 97.1 6.93 

13 Pellet E1 322 156 238 6.0 

14 Pellet E2 320.9 157.5 238 6.44 

15 Pellet E3 321.5 156.7 238 5.44 

16 Pellet F1 -- 586.8 -- 8.93 

17 Pellet F2 -- 587.6 -- 8.02 

18 Pellet F3 -- 588.1 -- 7.8 

PP- Polypropylene; PET- Polyethylene terephthalate; PVC- Polyvinyl Chloride 

 

 

 

 Table 2b - Concentration (µg/g) and size of MPs in feed samples chicken feed (G-I) and fish feed (J-L) 

Sample No. Feed type Farm  PP PET PVC Size (µm) 

19  Powder G1 84.9 693 366 10.61 

20  Powder G2 83.5 691 367.8 9.6 

21  Powder G3 84 693.5 367 10.0 

22  Powder H1 -- 348 420 9.43 

23  Powder H2 -- 348.5 421 9.0 

24  Powder H3 -- 347 420.8 8.93 

25  Powder I1 351 161 340 7.65 

26  Powder I2 351.9 163 341 7.0 

27  Powder I3 350 162 341.6 8.0 

28  Grain J1 157.3 93 257 9.84 

29  Grain J2 158.3 93 2576.9 8.84 

30  Grain J3 158 92.1 258.2 9.0 

31  Grain K1 597 519 -- 7.67 

32  Grain K2 596 519 -- 7.09 

33  Grain K3 596.4 518 -- 6.67 

34  Grain L1 -- 319 158 8.02 

35  Grain L2 -- 565 158.4 8.9 

36  Grain L3 -- 288 157 9.0 

PP- Polypropylene; PET- Polyethylene terephthalate; PVC- Polyvinyl Chloride 
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Figure 3 - SEM images of microplastics detected in the feed samples from various animal farms, a) Cow farms b) Pig 

farms c) Chicken farms and d) Fish farms.  

 
 

 
Figure 4 - Graphical representation of concentration of different types of polymers detected in all the farms (A-L) 
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Figure 5 - Macroplastic particles were observed in the few samples, which were separated during the process of sieving  

 

Sources of MPs into feed and their health effects 

There can be numerous ways in which MPs enter the livestock feed. The main entry pathways for MPs into grazing-

based and mixed livestock production systems have been identified as plastic mulching, fragmentation of plastic wastes, 

and stream water discharge (Ramachandraiah et al., 2022). MP pollution in farmyards was extensive, which may be 

related to a lack of trained cleaning personnel. Additionally, the inner surface of feedbags is made of PET, while their 

exterior is constructed of PP. Some animal farms use liquid feeding systems, which deliver the feed through PVC troughs 

or pipelines (De Lange et al., 2006). On the other hand, feed mixers, transporting vehicles, feed storage tanks, and other 

anthropogenic activities can contribute to the MP contamination of feed. A recent study suggested that MPs might also 

reside in the digestive system, and given the co-occurrence of PP, PE, and PR MPs in animal manure and feed, it is 

plausible that these MPs could be passed out by the cattle when they consume contaminated feed thereby polluting the 

soil (Stock et al., 2020). There have been several irreversible, long-term health impacts linked to MPs. The digestive 

gland's oxidative balance was altered in the mussel Mytilus spp. after exposure to polystyrene micro beads (2 and 6 m, 32 

g/L, for seven days; decreased catalase and glutathione reductase activities, as well as lowered lipid peroxidation (Paul-

Pont et al., 2016). Furthermore, numerous animal studies indicate that ingesting microplastics impairs crucial intestinal 

processes like the maintenance of the gut barrier and the maintenance of the gut microbiota. These plastic-associated 

abnormalities may increase immunological, inflammatory, and metabolic ailments, given the multifunctional nature of 

the intestinal system.  

Microplastic exposure has been associated with immune system dysfunction in a number of investigations involving 

invertebrates. The intestinal lamina propria and the draining mesenteric lymph node are home to myeloid cells, innate 

lymphoid cells, and T cells, which are crucial fundamental units of the immune system. On exposure to MPs serious 

damage to these cells was observed. When exposed to polystyrene particles (500 nm and 30 µm), hemocytes showed 

several abnormalities, including a significant drop in cell count and phagocytosis activity, as well as various alterations in 

immunological markers related to oxidative stress, apoptosis, and inflammatory response (Shi et al., 2020 and Tang et 

al., 2020). The dominance of plastics in our daily lives is attributed to chronic, continuous exposure to MPs, according to 

the growing body of research. 

 

CONCLUSION 
 

One of the potential absorption pathways is through food or feeding. Based on the outcomes of the present study it was 

understood that severe MP contamination occurred in cattle and poultry farms, mirroring the situation in the land and 

aquatic environment. Among all the feed samples PET was very predominant. MPs were discovered in all 36 feed samples 

with an average size ranging between 2.02-10.7 µm. The consumption of feed contaminated with MPs is not only harmful 

to animals but also to humans (tertiary consumers), thereby leading to bioaccumulation of MPs in the food chains. Thus 

there is an immediate need to implement modern strategies to prevent the MPs issue from getting worse.  
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ABSTRACT: The present study seek to assess the nutritional qualities and the mineral composition of citrus 

fruits (pulps + peels) of two different species (Citrus clementina and Citrus limon), while comparing its 

nutritive perspective with Zea mays L (yellow maize) commonly used as livestock feed. Proximate evaluation 

was done via the method of the association of official analytical chemists (AOAC). Elemental components of 

citrus species were measured by means of a standard spectrometer. The proximate evaluation of the sample 

indicated that Citrus limon fruit contained comparable amounts of protein, fibre and lipid, but significantly 

higher ash contents than yellow maize. While the Citrus clementina was higher in protein and ash content, 

but comparable moisture content to Zea mays L. Meanwhile, minerals including Ca, Mg, K, Na, Cu, Mn and Fe 

were significantly higher in the two citrus species than in Zea mays L. Therefore the manuscript revealed that 

the Citrus clementina and Citrus limon species possess the potentials to be utilized as livestock feed 

ingredients. 

Keywords: Citrus fruit, Elemental composition, Maize, Nutritional quality, Proximate analysis. 
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INTRODUCTION   
 

A large chunk of food produced worldwide is wasted, causing about 1.3 billion tons of food to go into waste (Morshedy et 

al., 2022). Among these recorded food wastes, 45 % of them are generated from fruits and vegetables (FAO, 2016). 

These food wastes are known to be produced by agro-industrial processing, agricultural production, and damage during 

storage and transportation (Torres-Leon et al., 2018). However, information on the optimum utilization of fruit and 

vegetable wastes is scarce, leading to grave impacts on the immediate surroundings, economic, and social sectors 

(Morshedy et al., 2022). Due to this menace, different research works have been reported in an effort to assess ways of 

lowering food wastage, and reducing their economic and societal menace (Castro et al., 2020). 

Several bioactive compounds in citrus fruits varies from one species to the other and in their different parts 

(Karasawa and Mohan, 2018; Maheshwari et al., 2022). For instance, citrus waste peels possess an extensive diversity of 

minor compounds with high antioxidant reactions in comparison to the other parts of citrus fruit (Czech et al., 2020). 

Peels are also fingered as a source of pectin, molasses, and limonene (Manthey and Grohmann, 2001; Rafiq et al., 2018).  

The rind (outer portion) of citrus fruits is often processed and used as diet for cattle (Zema et al., 2018). Meanwhile, at 

other times, the rind of citrus is disposed into society and treated as fruit waste, which contains 50 % of the whole weight 

of the fruit (Anagnostopoulou et al., 2006; Marin et al., 2007). These wastes are seen as possible source of environmental 

pollution (Barros et al., 2012). Peels from citrus fruit also possesses several natural compounds, such as heraclenin, 

auraptene, imperatorin, and bergamottin, and bio-active elements, with advanced dietary and therapeutic worth 

(Genovese et al., 2014; Sunagawa et al., 2022). The relatively insignificant monetary value and widely available citrus 

materials such as their peel and pulp, which appears to be waste of citrus, can be seen as a prospective source of animal 

feed and nutraceuticals (Rafiq et al., 2018; Zema et al., 2018). Whole citrus (pulps and peels) fruits, being rich in 

bioactive molecules can be used as dietary additives, dietary fiber, antioxidants, and mineral ingredients (Czech et al., 

2020). Citrus fruits, from their various species such as lemon, limes, soft citrus, and mandarins are among the broadly 

grown fruits globally, due to its wide public demands. Several nations including Spain (leading in highest amount of 

production), Italy, Turkey, Portugal, Greece, Morocco, Tunisia, and Algeria are foremost producers of clementine fruits with 

an estimate of about 25 % (about 4,795,000 tons) of the whole citrus species in the regions around the Mediterranean 

basin (Fabroni et al., 2016). In other continent like South America, the production of Clementine citrus is projected at 

about 2 million tons, with nations such as Brazil, Peru, Uruguay, and Argentina taking the leading in terms of production 

(Fabroni et al., 2016). In the continent of Asia, China is known (contributing about 14 million tons) to be the highest 

producer of Clementine citrus from its overall production of 19 million tons (Fabroni et al., 2016). 

DOI: https://dx.doi.org/10.51227/ojafr.2023.51 

https://ojafr.com/main/
http://www.science-line.com/index/
https://ojafr.com/main/
mailto:midamokoro@wsu.ac.za
https://orcid.org/0000-0002-3641-530X
https://orcid.org/0000-0001-9078-7748


358 
Citation: Idamokoro EM and Hosu YS (2023). Relative analysis of two citrus species versus maize for potential nutritive traits as livestock feed. Online J. Anim. Feed 

Res., 13(5): 357-366. DOI: https://dx.doi.org/10.51227/ojafr.2023.51 

Citrus fruit, is an essential crop in South Africa (Ladaniya, 2008). About 1.6 million metric tons of fruits are reported 

harvested and processed in South Africa yearly. They are processed into juice drinks, leaving their peels and pulps as 

unwanted products and wastes. South Africa is a key exporter of citrus fruits. This invariably suggests that tons of waste 

are generated in the process, and are often discarded into the surrounding.  

More than 50 % of citrus fruit produced in South Africa goes into waste with Eastern Cape Province leading the park 

(Van Dyk et al., 2013), and these wastes are regularly thrown away into the environment (Botha, 2003). Likewise, in Egypt 

for instance, it was reported that more than 1.9 million tons of crop wastes are discarded on a yearly basis, among which 

citrus fruits contribute a large proportion (Alnaimy et al., 2017). Unwanted waste generated from citrus fruit processing is 

a potential economic and societal nuisance if they are not effectively transformed or biodegraded for value 

addition/useful materials (Tripodo et al., 2004).  

There is currently an increased quest for alternative feedstuffs for improving livestock farming globally. This is 

because of the constant rise in the regular animal feedstuffs which most animal farmers may not be able to afford. The 

current bulk of citrus fruits as by-products from citrus farms could be useful in bridging the feed gap in livestock farming 

and reducing the recurring animal-human competition on grains, especially maize. Therefore, investigating the potential 

of different citrus fruits as a prospective livestock feedstuff is worth the while. 

According to Ülger et al. (2020), citrus wastes used as feedstuffs lowered the price of feed, thereby increased profit. 

Judging from this perspective, citrus fruits (labelled as wastes) are seen to be an important feed alternatives in livestock 

dietary scheme (Ülger et al., 2020). According to Steyn et al. (2017), citrus fruits can be harvested, processed and utilized 

as animal feed to boost livestock husbandry. Equally, the attempt to evaluate the nutritive prospect of citrus fruits (pulp 

and peels) of South African origin is calculative, as this could be an insightful venture in the right direction with respect to 

its use as an alternative feed to yellow maize for farmers judging from the constant hike in the price of grains including 

yellow maize. According to the research by Steyn et al. (2017), they observed that citrus fruit waste may be fed to 

livestock as sole-feed, or/and as a substitute, thus citrus fruit could form an essential in their feeding scheme. The goal of 

the current manuscript is therefore to assess the proximate and elemental values of whole (peel and pulp) Citrus 

clementina and Citrus limon fruits as a potential livestock feed resource, and to compare their nutritional parameters to 

that of Zea mays L (yellow maize), a commonly used livestock feed (chicken, goats, sheep etc.) by indigenous farmers in 

South Africa. The nutritive characteristics of these dried whole citrus fruits were compared to that of Zea mays L (yellow 

maize) obtained from an agro-allied store. Citrus limon and Citrus clementina fruits were adopted for this work because 

they are abundantly available in the study area with several commercial citrus farms located in the area.  

 
MATERIALS AND METHOD 

 

Procurement of yellow maize  

The Zea mays L (yellow maize) that was used in this study was purchased from a well-known farm store precisely 

from the town of Alice where most indigenous and commercial livestock farmers purchase yellow maize for animal feed. 

Alice town is a small town in the Eastern Cape region of South Africa. The variety of the yellow maize which is a well-

known grain in the area is the Okavango flint maize. The geographical location of Alice town is situated at 32o 43028.66” 

and 26o 3405.88” in latitude and longitude. 

 

Citrus waste collection 

The complete citrus fruit of Citrus limon and Citrus clementina fruits which were meant to be waste (since they have 

lost their market values in terms of appearance by the owners) were gotten from a well-known commercial citrus farm 

(Nandeshook farm) and kept in clean plastic bags before further processing in the laboratory. The Citrus fruits gotten from 

the farm site were Eureka Lemon and Clementine (C. limon and C. clementina), all from the Eastern Cape region of South 

Africa with geographical co-ordinates of -33°44'43.04". 

 

Sample preparation of citrus fruit (pulps + peels)  

The citrus fruits of C. clementina and C. limon were cut into pieces and spread on a flat clean surfaced platform 

(wooden materials) for air-drying and drained of their liquid. After drying, the citrus fruits were afterward oven-dried at a 

temperature of 50 oC for two days (48 h) to get the desired dried matter. The samples were blended into small particles 

using a blending machine. The blended samplers were neatly gathered into clean plastics, labeled and kept in cool 

conditions, for further evaluation.  

 

Analysis of proximal composition of citrus fruit 

Determination of moisture component  

The moisture constituent of the prepared citrus fruit was done via standard practice (AOAC, 2000). With the aid of a 

drained and empty weighing container weighed (Wi) in an oven for measurement of its initial weight. The sample was then 

kept in the previously measured container and then weighed for the second time (W j), and oven-dried for three days (72 h) 

at 40 oC. The sample was afterward cooled and reweighed (Wk). The value of the water content was obtained using 

following formula:  
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Moisture content (%) =   Wj – Wk        × 100 

                                               Wj – Wi       

Where; Wi represents the weight of the empty container; Wj represents the weight of the container + drained citrus 

fruit before drying; Wk represents the weight of container + drained citrus fruit sample. 

 

Ash content determination 

The content of ash in the drained citrus fruit was determined via the procedure of the dry ashing method (Agrilasa, 

2007). The container was dried at 105oC for one hour, thereafter the container was weighed on cooling (Wi). Following 

that, 2 g of the samples were kept in the weighed vessel and re-weighed (Wj). The container, together with the sample 

was then ashed at 250 oC for an hour. The ashed samples were then left to cool down and later weighed again (Wk). The 

citrus ash was evaluated as follows: 

Ash content (%) =    Wj – Wk         × 100 

                                        Wj – Wi                                     

Where; Wi is referred to the weight of the dried container; Wj is referred to the weight of container + whole Citrus 

fruit (pulps + peels) sample; Wk is the weight of container + ashed Citrus fruit (pulps + peels) sample. 

 

Crude protein  

Crude protein was estimated from the total nitrogen (TN) constituent in the sample using the micro Kjeldahl 

technique (Hussain et al., 2011).  

Percentage nitrogen content (%) = 

[(mL standard acid × N of acid) − (mL blank × N of base)] − (mL std base × N of base) × 1.4007 

                                                      Weight of sample (g)                                                                           

Where; N represents the normality i.e. 1.4007 known as the single factor of nitrogen molecular weight;  

Calculation of Crude protein = Nitrogen content (sample) × 6.25 

 

Crude fibre determination  

Dietary fibre of sample was determined using the technique of the modified acid-base digestion procedure (Aina et 

al., 2012). The crude fibre was calculated below as; 

Crude fibre (%) =   C2           –          C1 

                              Weight of Sample   × 100             

Where; C1 = is referred to the weight of container + whole Citrus fruit (pulps + peels) sample; C2 is the weight of 

container + ashed Citrus fruit (pulps + peels) sample. 

 

Crude Lipid determination 

This was determined using the Soxhlet extraction method (Al-Harrasi et al., 2012). The estimation of lipid was 

determined using the formula: 

Crude lipid (%) =   W2                –               W1 

                              Weight of original sample   × 100                   

Where; W1 is referred to the weight of container + whole Citrus fruit (pulps + peels) sample; W2 is the weight of 

container + ashed Citrus fruit (pulps + peels) sample. 

 

Determination of total carbohydrate content  

This was done by deducting crude fibre, total protein, ash content, crude fibre, and lipid from the total dry matter of 

the sample: Total carbohydrate (%) = 100 − (crude fibre + % moisture content + total ash + crude protein + crude lipid).   

                                                                                                                        

Determination of energy value  

The aggregate of energy value of citrus fruit was determined using the Atwater factors as follows: 4 kcal, 9 kcal, and 

4 kcal to determine the caloric figure. The sum of the multiplied lipid, crude protein, and carbohydrate, is explained from 

the formula below:  

Energy value (kcal/100 g) = (total carbohydrate × 4) + (crude fat × 9) + (crude protein × 4) (Idamokoro et al., 2022). 

 

Mineral determination  

The mineral evaluation was done to quantitatively analyze mineral attributes in the citrus fruit (pulps + peels) 

segments. The elements that were determined including iron, manganese, phosphorus, potassium, copper, calcium, 

magnesium, sodium, nitrogen and zinc were analyzed via the Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES).  

 

Sample preparation of yellow maize  

The purchased yellow maize was crushed into fine particles using a blending machine. The blended citrus fruits were 

neatly assembled into clean plastics, labeled, and kept in cool conditions, before carrying out further analysis. The same 
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procedure that was used for analysing the elemental and proximate composition of the citrus fruits, was also employed to 

analyse the yellow maize. The yellow maize and the whole citrus were analysed in triplicates.  

 

Data analysis 

Analysed citrus fruit and yellow maize samples were given as mean ± standard deviation before being estimated in 

a one-way analysis of variance (ANOVA) using the MINITAB 19 statistical software. ANOVA was pegged at 95 % using the 

Fisher LSD confidence level. The measurement of statistical differences was placed at a probability of p < 0.05.  

 
RESULTS 

 

Nutritional component  

The proximate contents of citrus from Citrus limon Pulp + Peel (CLPP); and Citrus clementina Pulp + Peel (CCPP) 

gotten from the commercial farm representing the nutritive contents of their pulps + peels and yellow maize are shown in 

Table 1.  

The moisture content (MC) values of the citrus CLPP and CCPP were given as 11.87±0.41 % and 9.71±0.60 %, 

respectively, while it was 9.22 ±0.12 % in yellow maize. Of the three samples, highest content of ash was recorded in 

CLPP (5.91 ± 0.27 %) significantly, followed by CCPP (5.08±0.03 %) and yellow maize (1.47±0.04 %). 

The content of lipid was highest in CLPP (4.27±0.02 %), which was statistically at par with maize (4.13±0.17%), but 

was significantly higher than those of the CCPP (2.92±0.12 %). The crude fibre content for yellow maize (30.66±3.36 %) 

had comparable mean value to the CCLP (27.63±3.23 %), but had significantly higher mean value CCPP (19.67± 0.36 %) 

accordingly. The crude protein content of CCPP fruit had a significantly higher mean value of 6.65± 0.20 % compared to 

maize (5.06±0.10 %), and CLPP (4.92±0.06 %). Total carbohydrate content mean value for yellow maize (68.24±4.49 %) 

was significantly higher compared to those of the CLPP fruit (4.84±0.93 %) and CCPP (3.13± 0.35 %). The aggregate 

energy mean value for yellow maize was 330.39±16.26 % which was significantly higher than those of CLPP fruit 

(70.72±6.60 %), and CCPP fruit (65.46±2.57 %). 

 

Table 1 - Nutritional components (%) of Citrus limon and Citrus clementina from a commercial farm as compared to 

Zea mays L 

Parameters (%) CLPP CCPP Zea mays L 

Moisture 11.87±0.41a 9.71±0.60b 9.22±0.12b 

Ash 5.91±0.27a 5.08±0.03b 1.47±0.04c 

Lipid (Fat) 4.27±0.02a 2.92±0.12b 4.13±0.17a 

Carbohydrate 4.84±0.93b 3.13±0.35b 68.27±4.49a 

Protein 4.92±0.06b 6.65±0.20a 5.06±0.10b 

Fibre 27.63±3.23a 19.67±0.36b 30.66±3.36a 

Caloric value 70.72±6.60b 65.46±2.57b 330.39±16.26a 

The letter variants along a row indicates significant differences at p < 0.05 among samples of Citrus limon, Citrus clementina and Zea mays 

L. CLPP= Citrus Limon Pulp + Peel; CCPP = Citrus Clementina Pulp + Peel. The values of components reported are mean ± standard 

deviation. NB: Caloric value: (kCal/100 g). Data is based on dry matter.  

 

Mineral Composition  

The citrus fruit and maize samples showed significant variation in their mineral composition (Table 2). Calcium 

content was significantly higher in the CLPP (603.33±20.55 mg/100 g) than CCPP (396.67 ± 4.71 mg/100 g) with maize 

(10.00 ± 4.71 mg/100 g) samples. Magnesium was also significantly higher in CLPP fruit (130.00 ± 0.00 mg/100 g) than 

CCPP (113.33 ± 4.71 mg/100 g) and maize (100.00 ± 0.00 mg/100 g) samples. The peak value of potassium was 

recorded in CLPP fruit (1503.33±16.99 mg/100 g) which had a statistical difference from that CCPP fruit 

(1453.33±16.99 mg/100 g), and maize sample (350.00±8.16 mg/ 100 g).  

The CLPP excelled statistically for sodium content (73.33 ± 4.71 mg/100 g) over CCPP (43.33 ± 4.71 mg/100 g) 

and maze (20.00 ± 0.00 mg/100 g) samples. Likewise, zinc mean value was also highest in the CLPP fruit (4.63 ± 4.43 

mg/100 g), followed by CCPP fruit (1.70 ± 0.21 mg/100 g) and maize (0.65±0.56 mg/100g) with no significant 

difference. Meanwhile, maize proved best significantly for phosphorus content (233.33 ± 4.71 mg/100 g) over CLPP 

(173.33 ± 4.71 mg/100 g) and CCPP (156.67 ± 4.71 mg/100 g). The CLPP had significantly higher manganese content 

(1.00 ± 0.08 mg/100 g) followed by CCPP (0.80 ± 1.11 mg/100 g), while it was lowest in maize (0.50 ± 0.00 mg/100 g). 

Copper was generally low in content, being the highest in CCPP fruit (0.27 ± 0.05 mg/100 g) statistically, followed by 

CLPP (0.20 ± 2.77 mg/100 g); no copper was found in the maize sample. The CLPP tended to show the highest content of 

iron (5.23 ± 0.23 mg/100 g) significantly over CCPP (3.77 ± 0.05 mg/100 g) and maize sample (2.90 ± 0.59 mg/100 g).  

The sodium-potassium ratio (Na+/K+) was registered significantly highest in CCPP fruit (1.29 ± 0.01 mg/100 g) when 

compared to maize (1.07 ± 0.02 mg/100 g) and CLPP (0.94 ± 0.02 mg/100 g) samples.  It was largely noticed that, 

manganese, copper, with sodium-potassium ratio (Na+/K+) was low in all the analysed samples, while potassium, calcium, 
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zinc, magnesium, and iron components were considerable. Meanwhile, it was observed that samples of C. limon proved to 

be important stores of potassium, calcium, magnesium, manganese and sodium in comparison to whole clementine fruit 

and maize. Furthermore, clementine fruit had a significantly higher content of copper and sodium-potassium ratio 

(Na+/K+), as compared to the Citrus limon fruit and maize.   

 

Table 2 - Mineral components (mg/100 g) of Citrus limon and Citrus clementina fruit from a commercial farm as 

compared to Zea mays L.   

Parameters (%) CLPP CCPP Zea mays L 

Calcium 603.33±20.55a 396.67±4.71b 10.00±4.71c 

Magnesium 130.00±0.00a 113.33±4.71b 100.00±0.00 

Potassium 1503.33±16.99a 1453.33±16.99b 350.00±8.16c 

Sodium 73.33±4.71a 43.33±4.71b 20.00± 0.00c 

Phosphorus 173.33±4.71b 156.67±4.71c 233.33±4.71a 

Zinc 4.63±4.43a 1.70±0.21a 0.65±0.56a 

Manganese 1.00±0.08a 0.80±1.11b 0.50±0.00c 

Copper 0.20±2.77b 0.27±0.05a 0.00±0.00c 

Iron 5.23±0.23a 3.77±0.05b 2.90±0.59b 

Na+/K+ 0.94±0.02c 1.29±0.01a 1.07±0.02b 

The letter variants along a row indicates significant differences at p < 0.05 among samples of Citrus limon, Citrus clementina and Zea mays 

L. CLPP= Citrus Limon Pulp + Peel; CCPP = Citrus Clementina Pulp + Peel. The values of components reported are mean ± standard 

deviation. Data is based on dry matter. 

 
 

DISCUSSION  

 

Fruits or their parts generally are known to be vital nutritional sources of nutrients for livestock, as they contain useful 

metabolites and bio- active compounds necessary for their growth and development (Wadhwa, 2015; Wang et al., 2019). 

Moisture content has an inverse relationship with the shelf life of individual produce (Nwofia et al., 2012). Low water 

(moisture) content in citrus fruit (Citrus limon and Citrus clementina) and maize as recorded in present study is an 

indication of long storability (Ogbonna et al., 2016). Similar observation was observed by Sharif et al. (2018) in feed for 

lamb, however, the moisture composition of samples was higher than that of the study of Alnaimy et al. (2017), who 

reported only 3.5 % moisture content. 

Ash content is essential in livestock nutrition since the help in the building of mineral formation. Ash was noticeably 

higher in content for both citrus fruit species, but lesser than yellow maize in the present study, which is in consonance 

with the study of Alnaimy et al. (2017). Low ash content in livestock nutrition may indicate of the presence of higher 

mineral elements in the feed (Adebowale and Bayer, 2002).  

With regards to dietary fibre in food, their presence depicts a significant indicator, as it supports the digestive 

system, intestinal gut health and quickens bowel movement.  Dietary fibre also lowers the amount of cholesterol when 

utilized by livestock (Omokore and Alagbe, 2019) suggesting that dried lemon and orange fruits as handy roughage 

resource materials which can be ideal as feed materials. The fibre content in the maize and both citrus fruits were 

comparable to the maize based animal feed (26.15 %) of Ülger et al. (2020). However, our result for crude fibre in both 

whole citrus fruit and maize was higher in comparison to the crude fibre of lemon pulp (11.52 %) prepared by Ülger et al. 

(2020), and that of citrus pulp (15.6 %) observed in the study of Wang et al (2017). 

Differences in crude fibre that was observed, may be the result of the tree age of Citrus species, method of 

processing, location and individual citrus species (Audu et al., 2018). Crude fibre in the Citrus limon and Citrus clementina 

were less when compared to those obtained in the Zea mays L which is an indication of their prospect as a livestock feed 

resource. Dried citrus possess nutritionally significant fibre by-products, and have been utilized as feed ingredients, 

because they provide an environmentally stable gut biome in livestock, thereby promoting better overall animal 

production and performance (Steyn et al., 2017). Proteins in feed are important elements known for repairing damaged 

cells and they are also helpful in body-building and growth. In addition, dietary proteins assist in lowering glucoregulatory 

mechanism in animals (Comerford and Pasin, 2016). Dietary protein in the citrus fruit is commendable. Our result showed 

that the protein value in the citrus fruit and maize were in line those (6.00 % – 8. 68 %) reported by several other authors 

(Allam et al., 2011; Santos et al., 2014; Sharif et al., 2018; Allam et al., 2020), but they were lesser in value (14.90 %) 

compared to the protein content as observed in the study of Luzardo et al. (2021). Citrus can be utilized in steer’s diet, 

because of its positive effect in improving livestock performance (Luzardo et al., 2021). Citrus fruit have also advanced 

the milk production of ruminants (Bampidis and Robinson, 2006; Bakr, 2020).   

With respect to dietary carbohydrates, they are accountable for energy in the metabolic process in livestock 

(Olanipekun et al., 2016). The carbohydrate values were significantly low in citrus fruit compared to maize.  However, the 

carbohydrate content in the citrus fruits were higher than other fruit and vegetable ingredients such as cucumber (2.17 
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%), coriander (2.16 %), courgette (1.99 %), and tomatoes (2.93 %; Kamau et al., 2020).  The low carbohydrate content in 

the citrus fruits is indicative to be a good dietary supplement (important nutrients) for animal utilization instead of the 

main energy source.  

High starch content in grains have been reported to have a negative effect on the microbial activity in the rumen of 

ruminants resulting from the production of lactic acid, reducing pH in the rumen (Poulsen et al., 2012; Jacobs, 2014). The 

effect of high starch component in grains affects fibre degradation in a negative way which in turn also affects the 

performance of animals in terms of production. Meanwhile, despite the negative effect of feeding high starchy contents to 

livestock, it is still practiced broadly due to the high energy content that they possess, because scientist still presumes 

that they promote good production performance such as milk yield in animals (Steyn et al., 2017). 

Dietary fats perform several significant roles in feed such as energy production, supports in cells and organs 

structure formation, and increase palatability of feeds (Alagbe, 2020). Ingestion of dietary fat in modest quantity is helpful 

to animals, but consumption in excess, negatively hampers animal health. However, some research work have attempted 

to use fruits and vegetable intake to cushion the effect of the high level of fats that may be consumed in the system 

(Djuric et al., 2002). The amount of fat in the citrus fruits and maize ranged from 2.92-4.27% in our study was in line with 

the findings of Alnaimy et al. (2017), and was higher than the wastes of most of the fruit and vegetable wastes such as 

coriander (0.09 %), courgette (0.25 %), cucumber (0.21 %), spinach (0.17 %), tomatoes (0.12 %), banana (0.50 %), mango 

(0.68 %), and pawpaw (0.34 %) (Kamau et al., 2020). 

The mean of energy (feed ingredient) in the citrus fruit was very much lower, than in maize (330.39 %). However, the 

energy content of citrus fruit observed was higher than those (3.06 to 40.00 %) of other fruits and vegetables (Kamau et 

al., 2020). Conversely, Isong et al. (1999) reported higher energy levels of some vegetables (248.8 % to 307.1 %) 

compared to citrus fruit in this study.  

Mineral nutrients play a vital part in supplying bio-elements in the feed of animals as a balanced diet. Dietary 

minerals perform numerous functions (such as metabolic and physiological processes) in animals. The mineral content of 

citrus fruit was significantly higher than maize, except for phosphorus. Howbeit, all the mineral contents is in the accepted 

amount needed in feed inclusion (McDowell, 1996). The amount of calcium in the citrus fruit was higher than the values 

observed for maize. The calcium content recorded in the citrus fruit was lower (1600 mg/100 g) compared to another 

study observed by Bampidis and Robinson (2006).  The calcium content in the citrus fruit from the present finding, 

however, proved superior over the range (30.1 and 25.9 mg/100 g) of mandarin and lemon (Czech et al. 2020). Possible 

reasons for the contradictory findings could be because of the different region of study, different method of processing of 

the citrus, soil types, or difference in the stage of harvest of citrus fruits. Judging from the amount of calcium content 

present in the citrus fruit observed in our result, the citrus fruits may be ideal if added to feed for livestock utilization.  

Magnesium plays multiple parts in the body functions of animals. It is important in enzyme activation. Magnesium is 

important in bone fortification (Kartika et al., 2011). The amount Mg present in the citrus fruit and maize samples are line 

to the findings by ADAS (1992) and Bath et al. (1980) in citrus, but higher in compared to the findings of Czech et al. 

(2020) for lemon (9.86 mg/100 g) and mandarin (11.1 mg/100 g). 

Potassium helps in the physiological development of organisms (Hounsome et al., 2018). They also help to regulate 

water and acid base balance in the body (Indrayan et al., 2009). The potassium content for the citrus fruit was in line (620 

– 1100 mg/ 100 g) with the recommendations for standard feed formulation (NRC, 1988; 2001). However, the potassium 

content was higher than those observed in citrus by other authors (Bampidis and Robinson, 2006; Czech et al., 2020).  

Sodium plays an important role in the coordination of nerves and muscles of organisms (Akpanyung, 2005). The 

standard amount of Na in feed should fall within 60 – 90 mg/ 100 g for citrus (NRC, 1988; 2001), and this was in 

consonance with the whole lemon fruit, but higher than those of the Citrus clementine in our finding. Conversely, the 

amount of Na for C. limon and C. clementina fruits and Z. mays L was lower than those (100 mg/ 100 g) for citrus fruit in 

the study by Ensminger and Olentine (1978). However, we recorded a higher sodium value of citrus fruit than the orange 

fruit (30 mg/ 100 g) in another study (Bampidis and Robinson, 2006). Factors such as the type of fruits, citrus variety 

among others affect the amount of sodium in citrus (Wadhwa et al., 2015).  

Upholding the ionic equilibrium in feeds assists the utilization of K and Na in animal nutrition. From the current 

study, the K and Na values could be attributed to the low Na+/K+ ratio. How it, the Na+ /K+ ratio in feed is significant 

most importantly if they have a ratio of less amount, which is indicative of the right Na+/K+ amount to advance the 

equilibrium of ions needed in the animal body. 

With respect to phosphorus in feed, they advance calcium absorption and they also function in bone strengthening. 

Likewise, phosphorus performs numerous roles in the creation of several important bio-molecules required in animals 

including phosphoproteins (casein), phospholipids, phosphate esters (ATP), nucleic acids, hexose phosphates, as well as 

creatine phosphate (Alagbe, 2019). According to the standard amount of P in livestock feed by the National Research 

Council (NRC) which ranged between 110 to 120 mg/100 g for citrus (NRC, 1988; 2001), are in consonance with the 

ones in our finding. However, the values of phosphorus (17.9 and 21.8 mg/100 g) were lower to those reported in another 

study (Czech et al., 2020). 

Zinc as an important nutritional micro-element, acts as a cofactor for several vital enzymes activity. It functions in 

the building formation of lipid and starch, and in the synthesis of amino acids and proteins (Bashir et al., 2020). Zinc plays 

a significant function in tissue repairs of the body (Miltan et al., 2014). The amount of zinc in citrus ranges between 1100 
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to 1600 mg/ 100 g (NRC, 1988; 2001). The amount of zinc in the citrus fruits and maize in this study was less than (3410 

mg/ 100g) those observed in another study (Alnaimy et al., 2017). However, on the contrary, the amount of Zn for citrus 

fruits and maize our finding was higher, than those (0.26 and 0.22 mg/100 g) reported in another study (Czech et al., 

2020).  

The value of Mg in diets cannot be over emphasized. Manganese plays the role of a catalyst in the synthesis of 

glycoproteins and lipids (Shomar, 2012). Furthermore, manganese advances the synthesis of vitamin K, and helps in 

skeletal development in the animal. The amount of Mg in citrus fruits and maize in our findings was in consonance with 

the values of manganese (0.7- 0.9 mg/100 g) as those approved for livestock (NRC, 1988; 2001). The amount of Zn in 

our findings was also similar to those (0.5 – 1.4 mg/ 100 g) reported in another study (ADAS, 1992). Conversely, the 

amount of Zn (0.07 and 0.05 mg/100 g) in citrus as observed by Czech et al (2020) was lower than the values observed in 

the present study.   

Copper is another micro-nutrient important for pro-oxidant and they function as unsaturated fats. Copper also helps 

in the moderation of red blood cells. The body utilization of Cu in animals is normally very low for normal body functioning, 

as high copper consumption in the body can be damaging and could probably lead to liver organ damage. The amount of 

Cu reported in citrus fruits in our findings was similar to those (0.3 to 0.6 mg/ 100 g) observed in another study (ADAS, 

1992). On the contrary, the amount of Cu reported for citrus fruits was higher compared to the amount (0.05 and 0.07 

mg/ 100 g) observed by Czech et al (2020). The low amount of Cu reported for citrus fruits in our findings is 

commendable because they are needed in lower quantity in the body. Bampidis and Robinson (2006) also reported a low 

copper content for citrus from compiled results of previous studies which is in line with copper content recorded in the 

present study.  

The body requires iron for the formation of enzymes (Lieu et al., 2001). Iron is required for transporting oxygen to all 

parts of the body where they are needed during respiration (Gupta et al., 2014). They also function in haemoglobin 

synthesis. The amount of Fe for the citrus fruits and maize were higher compared to the ones (0.29 and 0.31 mg/100g) 

reported in another study (Czech et al., 2020), but were lower to the ones (15.1 - 37.7 mg/ 100 g) observed by the 

National Research Council (NRC, 1988; 2001). 

 

CONCLUSION 

 

The Citrus limon and Citrus clementina fruits were found to have a reasonable amount of lipids and fibre, but with high 

protein contents in comparison to Zea mays L (yellow maize). More visibly, is the fact that the Citrus limon and Citrus 

clementina had rich dietary bio-active such as Na, K, Cu, Zn, Mg, Ca, Fe, and Mn, with the exception of phosphorus (P) 

when compared to Zea mays L and should therefore be considered as a rich naturally available nutrient for animal feed. 

Our findings also revealed the potential Citrus limon and Citrus clementina fruits as possible livestock ingredients. Since 

citrus fruits are relatively free of charge raw materials that is widely available in the studied area, its feeding worth as 

alternative feedstuff should be further researched for livestock feeding scheme which is the common source of income for 

most indigenous people in the region.  
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ABSTRACT: Horses are animals that are affected very quickly by the warnings coming from the environment. 

In this study, it was aimed to evaluate oxidative stress parameters of horses obtained from saliva analysis 

related to animal welfare as a result of keeping horses together with goats. While the research was being 

prepared, three groups were developed based on the time spent sheltering goats and horses. The horses 

were housed alone in the first and last 15-day groups, and along with the goats in the second 15-day group. 

In these stages, the levels of malondialdehyde (MDA), catalase (CAT), glutathione peroxidase (GPx), 

superoxide dismutase (SOD) activities and ischemia-modified albumin (IMA) level in saliva were examined. 

Results showed that MDA and IMA levels decreased, but CAT, GPx, and SOD activities increased. It was 

concluded that goats had a positive effect on horses according to the oxidative stress parameters examined 

in terms of animal welfare. However, there is still a need for research that will house horses with various 

animals in acceptable animal welfare circumstances, analyse their stress metrics, and maintain a high level 

of welfare. 

Keywords: Animal welfare, Equus caballus, Oxidative stress, Single stall housing, horse, goat. 
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INTRODUCTION   
 

Behavior is described as a change in the condition of an animal's body in all or part of it, or in other words, the animal's 

reaction to its environment while it is in direct contact with it (Özbeyaz and Akçapınar, 2006). Most animals use behavior 

to adapt to and regulate their surroundings (Kappeler, 2010). Unsuitable care and feeding circumstances in animal 

husbandry might result in aberrant behavior in animals (Mellor, 2015; Arndt et al., 2022). Horse abnormal behaviors are 

characterized by a succession of unwanted, ineffective, and recurrent negative habits (McAfee et al., 2002; Gill et al., 

2005). 

Most research believes that abnormal behaviors are induced by the suppression of friendship, i.e., loneliness in 

individual compartments. As a result, offering friendship to other animals or establishing conditions that are not harmful 

to horses will benefit their welfare. 

As with most animals, horses need someone to live their daily lives and social interactions and care. Isolating horses 

completely from their surroundings or from their social environment might result in the development of undesired 

disorders (Landsberg and Denenberg, 2019). Therefore, the primary goal of this research was to see how the enhanced 

environment created by the breeders for the goats influenced the horses, and the horses were allowed to interact with the 

goats. 

It is known that unstimulated saliva plays an important role in oral immunity, enamel integrity and keeping the oral 

mucosa wet. Insufficient saliva flow causes dental caries, mucosal deterioration, and dry mouth (Ono et al., 2006). In the 

last 10 years, the use of saliva as a diagnostic fluid has become increasingly important. The use of saliva as a diagnostic 

material in the monitoring of drug metabolisms in autoimmune disorders, pharmacology, endocrinology, nephrology, 

infectious diseases, cardiovascular diseases, psychiatry, oncology, and many other fields is becoming widespread 

(Streckfus and Bigler, 2002). There are many defenses in the body against oxidative stress caused by free radicals, and 

the first line of these defenses is saliva. It has been stated that the attacks of free radicals on the oral mucosa can cause 

different results from infection to cancer. Saliva is the first defense step against free radicals with the antioxidant 

molecules (a rich source of antioxidants) and enzymes it contains (the salivary peroxidase system) (Maciejczyk et al., 

2021).  

Various antioxidant defense systems have been developed in biological systems to limit the formation of free radicals 

and the damage they cause. Glutathione peroxidase (GPx) is an antioxidant enzyme that contains the amino acid 

selenocysteine in its active site and is effective on H2O2, steroid and lipid hydroperoxides. The primary scavenging enzyme 

in scavenging oxygen free radicals (ROS) is superoxide dismutase, which converts O2- to H2O2. GPx, on the other hand, is 
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the key enzyme responsible for the detoxification of cellular H2O2. It transforms H2O2 into molecular oxygen and water 

(McCord, 2000; Wei et al., 2004). Saliva is the first biological agent to encounter foreign substances that enter our body 

through food, drink or inhalation and is the first defense step against free radicals (Streckfus and Bigler, 2002). 

There is no scientific research in the literature that shows the change in some oxidative stress values that are 

considered important for animal welfare when goats and horses are housed together. For this reason, this research aims 

to show the changes in some oxidative stress parameters MDA, IMA, SOD, GPx and CAT activities that occur when keeping 

goats and horses in a paddock. In accordance with all of the observations, literature, and reviews, the hypothesis of this 

study is that goats will contribute positively to some oxidative stress parameters of horses that are regarded as important 

in terms of animal welfare. 

 
MATERIALS AND METHODS 

 

Research plan 

While forming the study groups of this research, three groups were formed considering the residence times of goats 

and horses together and separately. During the first and last 15 days of these groups, horses were housed alone, and in 

the second 15-day group, horses were housed together with goats. At the end of each 15-day stage, saliva samples were 

taken from horses, and the materials for the research were created. 

 

Ethical approval 

Experimental procedures adopted in this study were complied with the ARRIVE guidelines (Percie du sert et al., 

2020). 

 

The test area, animals and management 

Figures 1 and 2 show the research areas in the barn where the horses stay alone or with the goats. In these areas, 

horses and goats were housed together (19:00 to 08:00 h) while the horses were in the stables. 

The horse barn where the research was conducted had a length of 19.5 meters, a width of 9.5 meters, and a middle 

roof height of 6 meters. The horses in the stable used in the research were sheltered in six individual boxes surrounded by 

iron fences over the walls. The individual compartment of each horse, where the study was carried out, had an area of 3.5 

x 3 m2. The service road in the middle of the barn is 2.8 meters wide. 

The breeds of six horses used in the study were 3 Thoroughbred (1 gelding, and 2 mare) and 3 Haflinger (1 stallion, 1 

gelding, and 1 mare), and their ages ranged from 9 to 20. Horses and goats were given both concentrate and roughage 

twice a day at 08:00 and 19:00 while they were in the barn. The nutritional needs of the animals used in the study were 

given daily by the breeders. The needs of these nutrients were calculated by the enterprise and presented as roughage 

and concentrate. Goats used in the research—breed-hair goats—were used to be 6 months old and female.  

To meet the daily water needs of horses and goats, they always had clean water in front of them. The cleaning and 

maintenance of their litter material was done daily at 08:00. The breeders and observers at the shelter constantly 

checked the general condition of the horses and goats. Everything needed by horses and goats in the animal shelter was 

met as much as possible. In addition, horses and goats were grazed and irrigated in an outdoor paddock area during 

daylight hours convenient for observers. 

 

Figure 1 - The horse's box stalls. 
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Figure 2 - Housing horse and goat in the box stall.  

 
Accustoming goats to horses 

Initially, for a certain period of time, horses and goats eventually become acquainted with one another. The goats 

were permitted to stay with the horses for 15 days (16-30 days) after becoming acclimated to them during the second 

groups days of the research. One horse stayed with a goat during the research while the goats and horses were together. 

The same goat was placed next to the same horse each time. 

 

Saliva analysis 

Saliva samples were taken from the mouths of all Horses in the morning on an empty stomach by means of swaps. A 

total of 18 (6x3) saliva samples were collected on the 15th, 30th and 45th days of the study. In saliva samples taken; 

MDA level (Yoshioka et al., 1979), CAT (Goth, 1991), GPx (Matkovics et al., 1988), SOD activities (Sun et al., 1988) and 

IMA (Bar-Or et al., 2000) levels were measured with Biotek ELISA Reader (Bio Tek μQuant MQX200 Elisa reader/USA). 

 

Statistical analysis 

To examine the outcomes of salivary data from horses, a statistical program was used. (SPSS, Version 25, IBM Corp., 

Armonk, NY, USA). With this program, oxidative stress parameter variables (MDA, SOD, CAT, GPx, and IMA) obtained from 

horse saliva analysis were analyzed using the GLM procedure. Tukey multiple range tests were performed on unique 

groups according to the results. If the level of difference was P<0.05 in the whole data analysis, it was considered 

statistically significant. 

 
RESULTS AND DISCUSSION 

 

The results obtained between the study groups formed at 15-day intervals are shown in Table 1. As a consequence of the 

research groups, the investigated parameters of horses, MDA level (P<0.05), SOD (P<0.01), CAT (P<0.01), GPx activities 

(P<0.01) and IMA level (P<0.001) were significantly affected by goats. According to the evaluations made between the 

observation groups (1-3), it was determined that MDA and IMA levels decreased, but CAT, GPx, and SOD activities 

increased after the goats were placed next to the horses.  

While Figure 3 shows that a goat even rides a horse, and the horse did not showed any attitude towards it, the 

results of the saliva analysis were also an indication that the goats have a beneficial impact on the horses in the same 

direction. Therefore, it can be concluded that keeping the goat with the horse does not prevent the welfare of the horse 

but is also positive for the health of the animal and reduces stress. However, as with every animal, it should not be 

forgotten that horses can unintentionally harm goats due to their large body size, and precautions should be taken to 

prevent this. 

The current study is the first to report on the effect of goats on animal welfare-related oxidative stress parameters 

(MDA, CAT, GPx, SOD and IMA) in box stall horses. Individual stable boxes are normal practice for many racehorse 

breeders when it comes to performing horses like racehorses (Munoz et al., 2014; Munoz et al., 2018). Similarly to prior 

research, the six box stalls used for this study kept their horses in separate stable boxes (Normando et al., 2002; 

Hockenhull and Creighton, 2010; Leme et al., 2014; Hanis et al., 2020).  
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Horses are still mostly confined in single stalls, despite mounting scientific evidence that single-stall living is 

detrimental to horse wellbeing. As a result, social relationships are critical, and they are a requirement for ensuring 

excellent horse welfare (Lesimple et al., 2020). In this research, we used goat, a live material, for horse socialization, and 

we discovered positive responses in certain oxidative stress measures related to animal wellbeing. 

As with many creatures, horses are creatures that need social contact or communication with other living things 

during the day. Isolating horses from social life and communication may cause undesirable problems for them. The 

communication between goats and horses was ensured in this study, and their idle time was reduced. Also, they were 

observed less as a consequence of these regulations of undesired blood results related to animal welfare. 

 

Table 1 - Oxidative stress parameter values observed at 15-day intervals in the research group consisting of 

Thoroughbred and Haflinger horses (Mean ± SD). 

Variable 
Group 1 

(0-15 days) 

Group 2 

(16-30 days) 

Group 3 

(31-45 days) 
P value 

MDA (nmol/mL) 1.90 ± 0.06 ab 1.86 ± 0.50 b 1.92 ± 0.06 a 0.022 

SOD (U/mL) 15.59 ± 0.75 ab 16.05 ± 0.52 a 15.13 ± 0.92 b 0.018 

CAT (IU/mL) 16.39 ± 1.88 b 18.45 ± 1.68 a 16.00 ± 2.31 b 0.010 

GPx (U/L) 0.19 ± 0.03 ab 0.21 ± 0.03 a 0.18 ± 0.02 b 0.008 

IMA (ΔABSU) 0.18 ± 0.02 a 0.12 ± 0.01 b 0.17 ± 0.03 a <0.001 

The influence of differences between observation periods is shown by the P values; different superscript letters within each row indicate 

differences between groups (P < 0.05). MDA: Malondialdehyde, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, IMA: 

Ischemia-modified albumin 

 

 
Figure 3 - A goat has ridden a horse. 

 

CONCLUSION  

 

When the data collected after the goats were placed near to the horses was analyzed, it was discovered that MDA and 

IMA levels fell while CAT, GPx, and SOD activities increased. These oxidative stress parameter results show that goats 

have a positive effect on the animal welfare of horses. Because horses are sensitive to their surroundings, their 
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environment might induce stress parameter values that produce significantly diverse effects for them. So, there is a need 

for research that will house horses with various animals in acceptable animal welfare circumstances, analyze their stress 

metrics, and maintain a high level of welfare. 
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Supporting Information 

ABSTRACT: This study aimed to determine the effect of adding sonicated coconut shell liquid smoke to pekin 

duck jerky with different storage times at room temperature and vacuum packed. Ground duck jerky is made 

from Pekin duck meat (Anas platyrhynchos domesticus) soaked in coconut shell liquid smoke (CSLS) which 

has been sonicated for 20 minutes and seasoned with spices such as garlic, galangal, coriander, tamarind, 

salt, and coconut sugar. A laboratory experiment was done using a completely randomized design (CRD) 

consisting of 5 treatments (control: 0 day storage period, T1: 7 days, T2: 14 days, T3: 21 days, and T4: 28 

days) and 4 replications. The results showed that the addition of sonicated CSLS with differences in the shelf 

life of pekin ground duck jerky had a significant effect (P<0.01) on pH, texture, color L, a*, b*, Aw, water 

content, fat, carbohydrates by difference, thiobarbituric acid (TBA), and iodine number. Had a significant 

effect (P<0.05) on ash content, and had no significant effect on Water Holding Capacity (WHC), protein 

content, and organoleptic quality. It was concluded that storing ground duck jerky for 14 days at room 

temperature and vacuum packed did not show any damage to pH, water activity, water content, fat, protein, 

TBA and iodine number, and did not occur rancidity. 

Keywords: Liquid smoke, Jerky, Pekin duck, Shelf life, Sonication. 
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INTRODUCTION   
 

The livestock sector in Indonesia needs to be developed more broadly to meet food needs and the community's nutritional 

needs. Duck is a type of poultry that fulfills animal protein because a fast growth rate supports it (Inayat et al., 2023). The 

Pekin duck (Anas platyrhynchos domesticus) is a bird species in the Anatidae family. Nutrient content such as high levels 

of water, protein, and fat can accelerate the process of decay in meat. Fresh meat that is not immediately processed will 

quickly rot due to infection and putrefaction by bacteria and fungi (Febrianta, 2022). The thick layer of fat in duck is found 

under the skin, making duck meat have thick skin. Duck meat has a high-fat content compared to other poultry, such as 

chicken and turkey. Poultry fat generally consists primarily of unsaturated fatty acids (Banaszak et al., 2020). Duck meat 

contains unsaturated fatty acids that reach more than 60% of the total fatty acids and is high in essential amino acids, 

which makes the oxidation process easier which can cause rancidity and reduce nutritional quality (Jin et al., 2021). Fresh 

duck meat is easily damaged if not processed immediately or given special handling and has a distinctive fishy smell. 

Therefore, preservation and processing of meat are carried out to prevent the decline in quality and nutrition and increase 

the taste consumers can accept. High fat in food affects sensory values such as increased textural and flavor qualities, but 

fat makes the food vulnerable to rancid smell. Duck meat not immediately processed will quickly become rancid due to 

oxidation. The oxidation process occurs due to damage by enzymes due to the presence of microbes in fat, thus affecting 

the shelf life and causing damage to sensory characteristics, which can reduce nutritional value. 

Processing jerky is a food diversification to increase the taste that consumers can accept and improve quality. Jerky 

is a processed product of fresh meat added with spices and dried. The process of making jerky can be done by two 

methods, namely, the method of slice and grind. The drying method for making jerky can be done by drying with the help 

of sun heat and using an oven. The advantage of the sun heat method is that it is more economical but has the 

disadvantage that it takes a long time, depends on weather conditions, and sanitation is not maintained so that the 

quality of the jerky is not good. The advantage of using an oven is that the temperature can be adjusted, but it can result 

in case hardening, namely the condition of the outside (surface) of the jerky becoming dry while the inside is still wet (Kim 

et al., 2022). Ground jerky is a traditionally processed meat product made from ground beef added with coconut sugar, 

table salt, and spices, then printed into thin sheets with a thickness of approximately 3 mm and dried (Sorapukdee et al., 

2016). Dried jerky is brown because of the maillard reaction, a non-enzymatic browning reaction between sugar and 

protein. The maillard reaction is a reaction that occurs between carbohydrates and primary amino acid groups, which 

produce a brown color in jerky (Dewi et al., 2020). 
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Coconut shell liquid smoke can extend the storage period and improves sensory quality in color, texture, and jerky 

flavor. Liquid smoke has functional properties as an antioxidant, antibacterial and forms a distinctive color and taste. 

Liquid smoke can preserve food ingredients due to the presence of acid compounds, phenolic derivatives, and carbonyls 

(Himawati et al., 2018). Liquid smoke has antimicrobial properties and antioxidant compounds such as phenols and 

organic acids, so that it can be a safe preservative. The advantages of using liquid smoke are that it is easy to apply, fast, 

even product uniformity, produces good food characteristics, and is environmentally friendly. The component components 

of liquid smoke consist of the three most significant constituent compounds, namely acids which can affect the product's 

taste, pH, and shelf life. Carbonyl, which reacts with protein, will form a brown color in food, and phenol is the main 

constituent of aroma and shows antioxidant activity (Desvita et al., 2020). 

The sonication method on CSLS is used to reduce the particle size of the liquid smoke to make it easier for 

compound components to absorb into duck meat during the soaking process so that more compound components are 

produced. The sonication method aims to reduce the sample particle size so that it can absorb more optimally.  The non-

thermal sonication method breaks down sample particles, enhances mass transfer, and homogenizes without harming 

molecular structures, while low temperatures prevent the loss of compounds with low boiling points (Franca-Oliveira et al., 

2021). In addition, sonication or ultrasonic processes can reduce the sample size to nano size so that the texture of the 

sample is softer and smoother because the particle size is getting smaller (Agustini et al., 2021). The advantage of the 

sonication method is that it does not result in significant changes in the chemical structure of the particles and 

compounds of the raw materials used. 

The addition of sonicated CSLS to the production of ground duck jerky has not been widely studied. Therefore, it is 

necessary to examine the effect of adding sonicated CSLS on the storage period of ground duck jerky in terms of physical, 

chemical, and organoleptic quality. 

 

Ethical regulation of study  

 

Research materials 

a) The ingredients used to make jerky consisted of male pekin duck (Anas platyrhynchos domesticus) meat (breast, 

thigh, and wings) aged 50 days. Lubna brand coconut shell liquid smoke was purchased online for as much as 1.5%, while 

other ingredients used were table salt, coconut sugar, garlic, galangal, coriander, and tamarind. 

b)  Equipment for the production of duck jerky includes chopper Philips brand, knife, digital scale i2000 scale, label, 

glass mould, beaker glass, stirrer, dropper pipette, PE plastic (polyethylene), food dehydrator brand Tiross LT-O6, 

ultrasonic processor brand Biomaisen model UCD-250, spoon, cutting board, slicer, machine, and plastic vacuum. 

 

Research methods 

A laboratory experimental method using a Completely Randomized Design (CRD) has been used. The study 

consisted of 5 treatments with a shelf life of control: 0 days, T1: 7 days, T2: 14 days, T3: 21 days, and T4: 28 days with 

each treatment consisting of 4 replications, so there were 20 experimental units. 

 

Procedure for making ground duck jerky 

Thoroughly wash the duck breast, thighs, and wings, then grind the meat until smooth. The ground meat is soaked 

for 30 minutes in liquid smoke with a concentration of 1.5% of distilled water which has been sonicated for 20 minutes, 

and then the meat is drained. After that, the meat is mashed and mixed thoroughly with spices such as garlic, galangal, 

coriander, tamarind, salt, and coconut sugar. The meat is printed with a glass mold measuring (20×18) cm with a 

thickness of 3 mm and placed on polyethylene plastic, then dried in a food dehydrator for 3 hours 15 minutes at 500C and 

turned every hour so that it dries evenly. Jerky was removed from the food dehydrator and cooled to room temperature. 

Jerky packaging was carried out in a vacuum and stored at room temperature for 0, 7, 14, 21, and 28 days. 

 

Research analysis variables 

Testing pH using a pH meter (Bishnoi et al., 2006). Water Holding Capacity (WHC) testing uses centrifugation (Chan 

et al., 2022). Texture testing uses a texture analyzer (Lis et al., 2021). L, a*, b* color testing using a color reader 

(Kulapichitr et al., 2022). Testing Water Activity (Aw) using an Aw meter (Husna et al., 2020). Testing for water, fat, and 

protein content uses the FOSS Food Scan method (Anderson and Collaborators:, 2007). Ash content testing and testing 

carbohydrate Levels by difference using the total carbohydrate method by difference (Yirmaga, 2013). Thiobarbituric acid 

(TBA) testing uses spectrophotometry (Zeb and Ullah, 2016). Testing iodine numbers using titrimetric (Rahmah et al., 

2019). The organoleptic quality test used the descriptive test method using a score range of 1-5 and using 5 trained 

panelists and compared it with commercial beef jerky.  

The organoleptic quality rating scale is: Color 5 = dark brown, 4 = brown, 3 = brownish red, 2 = red, and 1 = blackish 

brown. Texture 5 = very soft, 4 = soft, 3 = slightly soft, 2 = hard, and 1 = very hard. Aroma 5 = strongly smells of spices 

and smoke, 4 = smells of spices and smoke, 3 = slightly smells of spices and smoke, 2 = only smells of spices, and 1 = 

only smells of smoke. Taste 5 = strongly tastes meat and smoke, 4 = tastes meat and smoke, 3 = slightly tastes meat 

and smoke, 2 = only tastes meat, and 1 = only tastes smoke. Overall acceptance 5 = very acceptable, 4 = acceptable, 3 = 

somewhat acceptable, 2 = not accepted, and 1 = very not accepted.  
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Data analysis 

The data obtained in this study were analyzed using a variety of Analyses of Variance (ANOVA) using Complete 

Random Design (CRD). If the results obtained significantly or very significantly different data, then it was continued with 

Duncan's Multiple Range Test. 

 

RESULTS AND DISCUSSION 

 

The average pH value, water holding capacity, and texture are shown in Table 1. 

 

Table 1 – Average value pH, water holding capacity, and texture 
 

Treatments pH 
Water holding 

capacity (%) 
Texture (N) 

Control 5.64 ± 0.04a 67.75 ± 3.86 7.69 ± 0.24a 

T1 5.69 ± 0.03a 69.50 ± 2.89 8.39 ± 0.27ab 

T2 5.75 ± 0.04ab 71.00 ± 4.24 9.22 ± 0.21b 

T3  6.43 ± 0.05b 68.25 ± 3.10 9.47 ± 0.30bc 

T4  6.54 ± 0.06b 65.50 ± 2.65 9.89 ± 0.18bc 
a,b,c,d; Means different superscripts in the same column show a very significant effect (P<0.01). T1: storage period for 7 days, T2: 14 days, T3: 

21 days, T4: 28 days 

 

Effect of shelf life of ground duck jerky on pH value 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the pH value of ground duck jerky. Table 1 

shows that the average pH value of ground duck jerky has increased with increasing storage time. The average pH value 

ranged from 5.64 to 6.54. The increase in pH value and the length of storage in ground duck jerky is due to the activity of 

microorganisms. Microbial activity is responsible for the rise in pH and prolonged storage of ground duck jerky (Fadlilah et 

al., 2020). The pH level significantly impacts the microbial population, with higher pH values promoting optimal microbial 

growth (Domínguez et al., 2022). During storage, bacteria can break down chemical compounds in meat, particularly 

proteins, into simpler compounds, leading to the production of substances like NH3 and H2S (Domínguez et al., 2022). The 

length of storage of jerky will be followed by an increase in pH due to the penetration of free water in the air. Penetration 

of free water from the air into the beef jerky makes the jerky moist and a suitable medium for the growth of bacteria. 

Based on the previous result, pH will increase with the more extended storage due to food undergoing chemical changes 

caused by a decrease in protein levels by microorganisms so that it can reduce the shelf-life of the resulting product (Amit 

et al., 2017). Proteolytic bacteria can enzymatically hydrolyze free amino acids, which cause an increase in the pH of food 

products. Foods with a pH close to neutral pH contain more numbers and types of bacteria. Microbial degradation of 

amino acids in meat leads to an increase in pH, as microbes utilize the remaining molecules as an energy source, 

resulting in elevated levels of NH3 and H2S (Diether and Willing, 2019).  

 

The effect of ground duck jerky shelf life on water holding capacity 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had no significant effect (P>0.05) on the water holding capacity (WHC) 

of ground duck jerky. Table 1 showed that the average WHC value ranges from 65.50% to 71.00%. The lowest average is 

found on T5, or a storage period of 28 days, and the highest average is on T2, with a storage period of 14 days. The water 

holding capacity (WHC) of ground duck jerky decreased to 68.25% and 65.50% during the 21-day and 28-day shelf life, 

respectively. This decline can be attributed to microbial activity, which damages proteins and reduces their ability to bind 

to water. According to Domínguez et al. (2022), the reduction in WHC is a consequence of microbial activity during 

storage, leading to protein damage and a subsequent decrease in their water-binding capacity. Decreased protein levels 

in meat during storage can weaken the meat's ability to bind water so that the WHC value of the meat decreases. The 

decrease in water binding capacity is caused by the increasing amount of lactic acid, which results in many myofibril 

proteins being damaged, so that the protein's ability to bind with water becomes low. Phenolic compounds in liquid 

smoke can bind water by loosening the bonds of meat fibers so that some of the freely bound water will enter the inner 

space of the meat so that the WHC increases (Indiarto et al., 2019). The WHC value will affect the level of meat 

tenderness during processing. The higher the WHC value, the better the meat quality. The tenderness of jerky is related to 

consumer palatability. The high WHC value is caused by the high content of intramuscular fat that has not been oxidized 

and high protein content. High pH conditions can also cause an increase in the water holding capacity value.  

 

Effect of shelf life of ground duck jerky on texture 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the texture value of ground duck jerky. Table 1 

show that the average texture value of ground duck jerky ranges from 7.69 to 9.89 N. Ground duck jerky has a texture 

value that increases with the length of storage. Increasing the texture value of the ground duck jerky indicates that the 
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texture of the jerky is getting harder during storage. The rise in the texture of ground duck jerky is associated with a 

reduced protein content in the product, as proteins have a lower capacity to bind water. This is consistent with a prior 

study that also indicated that protein content can impact the hardness of a product (Arandini et al., 2022). Products that 

are stored for a long time can reduce protein levels so that the protein's ability to bind water becomes low and will cause 

the product texture to become harder. Phenolic compounds in liquid smoke can form hydrogen bonds with water, thereby 

affecting the ability of meat to retain water. The WHC value will affect the tenderness, elasticity and texture of the meat. 

A low WHC value will make meat products tough. Changes in the tenderness of the jerky during storage are due to 

changes in the protein in the jerky, the higher the tenderness value, the harder the texture of the jerky. 

 

The influence of the shelf life of ground duck jerky on color L, a*, b* 

Data and color analysis results for lightness (L), redness (a*), and yellowness (b*) are presented in Table 2. 

 

Table 2 – Average value of lightness (L), redness (a*), and yellowness (b*) 

 

Treatments Lightness (L) Redness (a*) Yellowness (b*) 

Control 29.41 ± 0.10ab 11.36 ± 0.54a 4.80 ± 0.47a 

T1 29.39 ± 0.53a 12.38 ± 0.85ab 5.58 ± 0.49ab 

T2 30.90 ± 0.98bc 15.93 ± 0.62b 8.25 ± 0.26b 

T3        31.15 ± 0.62c 17.11 ± 0.74bc 8.44 ± 0.55bc 

T4 30.88 ± 0.26b 18.09 ± 0.61c 8.83 ± 0.22bc 
a,b,c,d; Means different superscripts in the same column show a very significant effect (P<0.01). T1: storage period for 7 days, T2: 14 days, T3: 

21 days, T4: 28 days 

 

Lightness (L) 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had a very significant (P<0.01) effect on the lightness (L) of ground duck 

jerky. Table 2 shows that the average lightness value (L) ranges from 29.39 to 31.15. Pekin duck jerky tended to increase 

lightness during storage, with the highest average lightness at 21 days and the lowest at 7 days. The lightness increase in 

ground duck jerky is due to the liquid smoke that can function as an antimicrobial and antioxidant to slow down microbial 

growth and inhibit fat oxidation which can affect the light color of the duck jerky. Meat that has decreased color during 

storage is due to fat oxidation. Adding liquid smoke to meat not only helps maintain the meat's color during storage but 

also acts as an antimicrobial agent, inhibiting fat oxidation (Akilie et al., 2021).  

Lightness level of a product is indicated by the lightness (L) value using a colorimeter. The lightness level ranges 

from 0-100. The closer to 100, the lightness it is, while the closer to 0, the darker it is. Changes in the color of the meat 

during storage are caused by microbial growth in the meat, which can cause discoloration to darken, and the lightness of 

the meat can decrease. The color change is caused by a change or destruction of the meat pigment, namely myoglobin 

which is oxidized to brown metmyoglobin (Domínguez et al., 2022). The lightness of the jerky produced can be caused by 

coconut sugar, Maillard reaction, and sugar caramelization. The browning reaction in foods containing sugar can be 

accelerated by heating so that the reducing sugar component will form a brown compound (Montazeri et al., 2013). In the 

Maillard reaction or browning reaction, the carbonyl group of reducing sugar reacts with the amino group of meat protein 

and amino acids non-enzymatically to produce a dark brown color in meat (Kim et al., 2022). 

 

Redness (a*) 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had a very significant effect (P<0.01) on the redness (a*) of ground duck 

jerky. Table 2 shows that the average redness value (a*) ranges from 11.36 to 18.09. Duck jerky shows a redder color. 

The redness of duck jerky is affected by a non-enzymatic browning reaction. The presence of reducing sugars and heat-

triggered proteins will result in a non-enzymatic browning reaction (Maillard reaction). One of the results of this reaction is 

the presence of a brownish-red product. The red hue of duck jerky is influenced by coconut sugar, imparting a 

caramelizing effect that results in a brownish-red color. The organic acid compounds in coconut shell liquid smoke 

contribute to the red color, while phenols and carbonyls are responsible for the brown coloration in the smoke product 

(Himawati et al., 2018). 

 

Yellowness (b*) 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had a very significant effect (P<0.01) on the yellowness (b*) of ground 

duck jerky. Table 2 shows that the average yellowness value (b*) ranges from 4.80 to 8.83. Yellowness color is produced 

due to a chemical reaction between phenol and oxygen and between protein and carbonyl in liquid smoke. The higher the 

oxygen, phenol, and carbonyl levels in liquid smoke, the more golden or brownish the color of the meat will be. The 

characteristic brownish-yellow color of smoked products is attributed to phenolic compounds present in liquid smoke, 

such as guaiacol, syringol, cresol, phenols, and ethers (Mathew et al., 2015). Montazeri et al. (2013) stated that the 

golden to brownish yellow color arises due to the interaction between phenol and oxygen, which produces a brownish 
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yellow color on the surface of the food being smoked. The average values of water activity (Aw), water content, fat, 

protein, ash, carbohydrates by difference, TBA, and iodine number are shown in Table 3. 

 

Table 3 – Average value of water activity, moisture content, fat, protein, ash, carbohydrate by difference, TBA., and iod 

number 

                                Treatments 

Variables 
Control T1 T2 T3 T4 

Water activity (Aw) 0.64 ± 0.04a 0.68 ± 0.03ab 0.71 ± 0.02ab 0.74 ± 0.04b 0.78 ± 0.02b 

Water content (%) 39.94 ± 0.43a 42.77 ± 0.27b 43.90 ± 0.98bc 44.84 ± 0.43c 47.06 ± 0.65d 

Fat level (%) 9.05 ± 0.42a 10.09 ± 0.30b 10.20 ± 0.20bc 10.29 ± 0.47c 10.72 ± 0.24c 

Protein level (%) 29.17 ± 0.22 29.24 ± 0.28 29.26 ± 0.50 29.13 ± 0.17 28.82 ± 0.41 

Ash content (%) 0.39 ± 0.06bc 0.41 ± 0.08c 0.36 ± 0.05bc 0.31 ± 0.02b 0.26 ± 0.05a 

Carbohydrate by difference (%) 21.46 ± 0.18e 17.49 ± 0.61d 16.28 ± 0.74c 15.44 ± 0.86b 13.25 ± 0.44a 

TBA. (µM/g) 0.53 ± 0.06a 0.56 ± 0.03ab 0.59 ± 0.02b 0.62 ± 0.02bc 0.63 ± 0.02c 

Iodine number (g) 83.73 ± 2.59d 79.87 ± 1.68c 77.93 ± 2.01bc 77.06 ± 1.40b 76.95 ± 1.33a 
a,b,c,d; Means different in the same line show a very significant (P<0.01) effect on Aw, water content, fat, carbohydrates by difference, TBA, and 

iodine number, and have a significant (P<0.05) effect on ash content. T1: storage period for 7 days, T2: 14 days, T3: 21 days, T4: 28 days 

 

Effect of shelf life of ground duck jerky on water activity (Aw) 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had a very significant effect (P<0.01) on the water activity (Aw) of 

ground duck jerky. Table 3 shows that the average Aw ranges from 0.64 to 0.78. Ground duck jerky experienced an 

increase in Aw with longer storage time. The increase in Aw was related to the increase in water content in duck jerky, 

with increasing storage time and humidity during storage also affecting the Aw value of jerky. Humidity in the 

environment during the storage period at room temperature is related to the water content value. The higher the water 

content, the higher the water activity value (Aw). An increase in water activity (Aw) is associated with humidity, which 

represents an equilibrium relationship between the moisture content in the air (Meko et al., 2016). The high-water content 

will absorb water and vice versa to achieve equilibrium. The increase in Aw during storage was also caused by 

microorganisms’ degradation of molecules in foodstuffs, namely by releasing bound water, which resulted in free water 

formation.  

Water activity is directly linked to water content, meaning that a high-water content will elevate the water activity 

(Aw) and create favorable conditions for microbial growth (Pujaningsih et al., 2021). Food products with high Aw values 

are more prone to spoilage. The high Aw will make it easy for microbes to grow and cause food spoilage. The water 

activity in jerky products has considerable potential for contamination by microorganisms. A high Aw value will experience 

degradation caused by natural enzymatic or microbial damage. Water activity is closely tied to both water content and 

microbial proliferation. The rise in water activity (Aw) is a consequence of microorganism metabolism, leading to 

increased Aw levels in food products (Sharma et al., 2020). Factors like storage temperature, humidity in the storage 

area, and microbial activity contribute to this elevation in Aw values. 

 

The effect of ground duck jerky shelf life on water content 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the water content of pekin duck ground jerky. 

Table 3 shows that the average water content of ground duck jerky ranges from 39.94% to 47.06%. The lowest average 

was found at 0 days of storage, and the highest average was at 28 days of storage. Jerky with a high-water content can 

make the jerky not last long because the high-water content can accelerate the damage to the duck jerky due to the 

presence of microbes in the product. The increase in water content in ground duck jerky during storage was due to the 

high humidity at room temperature, reaching 75%. The moisture content in meat had increased during room temperature 

storage, and the humidity influenced this in the surrounding environment during the room temperature storage period 

(Lekahena and Jamin, 2018). The humidity in the storage area affects the increase in moisture content because the 

product will absorb water from the surrounding air during storage at room temperature. High water content makes it easy 

for bacteria, mold, and yeast to multiply, which will cause changes in food ingredients (Pujaningsih et al., 2021). 

Increased water content was caused by air and water vapor entering the plastic vacuum packaging, so it increased during 

storage. If the humidity in the storage room is high, then the moisture content of the material can increase, and vice 

versa. The increase in water content is also due to ground duck jerky experiencing a decrease in quality caused by the 

oxidation of fat, which contains various unsaturated fatty acids and mineral content, which can accelerate fat oxidation. 

High water content can cause the product to be more easily damaged due to spoilage microbes that use water in the 

product as a growth medium (Arandini et al., 2022). High water content can cause microbes to multiply quickly, affecting 

product quality. Referring to the previous research, the breakdown of protein during storage into components such as 

ammonia and H2S (hydrogen sulfide) can cause rancid odors and is followed by microorganism activity which causes the 

release of bound water to become free water, increasing water content (Budaraga et al., 2021). The increase in water 

content is influenced by humidity at room temperature because room temperature humidity can reach 86% (Alp and 
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Bulantekin, 2021). Humidity at room temperature affects the increase in the resulting moisture content. The higher the 

humidity value, the more water vapor it contains, so the product's moisture content increases. High water content can 

cause the product to be damaged more quickly due to destructive microorganisms taking advantage of the water content 

contained in the product for their growth.  

 

The effect of ground duck jerky shelf life on fat content 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the fat content of ground duck jerky. The data 

in Table 3 shows that the average fat content of ground duck jerky ranges from 9.05% to 10.72%. The longer the storage, 

the fat content of the beef jerky increases. High levels of fat microorganisms cause them to multiply quickly and undergo 

oxidation, making the beef jerky turn rancid. The high fat content of duck jerky during storage is caused by increased 

water content which can reduce the quality of the jerky. A rapid increase in fat content can lead to the swift oxidation of 

food items, resulting in the development of an unpleasant rancid odor (Liu et al., 2023). As mentioned by Arandini et al. 

(2022), a high fat content creates favorable conditions for microbial growth. If stored for a long period of time, there is a 

risk of rancidity due to the increase in microorganisms, so the storage period is reduced. Meat that contains higher fat will 

produce a higher TBA value. This shows that the oxidation rate is influenced by the fat and fatty acid content. The 

breakdown of fat causes food to become rancid, thereby reducing its quality and nutritional value. 

 

The effect of ground duck jerky shelf life on protein content 

The results of analysis of variance showed that the difference in shelf life of ground duck jerky with room 

temperature storage and vacuum packaging did not have a significant effect (P>0.05) on the protein content of ground 

duck jerky. Data in Table 3 shows the average protein content of duck jerky ranges from 28.82% to 29.26%. The highest 

average was in T2 with a shelf life of 14 days, and the lowest was in T4 with a shelf life of 28 days. Storing duck jerky for 

0 to 14 days experienced an increase in protein levels, this was due to the presence of phenolic compounds and organic 

acids in coconut shell liquid smoke which act as antioxidants and antibacterials so that they are able to inhibit pathogenic 

bacteria which can hydrolyze amino acids. Phenolic compounds have antimicrobial properties that can inhibit the growth 

of microbes in food. Ground duck jerky with a storage period of 21 to 28 days experienced a decrease in protein content 

because increasing water content would increase the number of microorganisms that could degrade the protein in the 

jerky. Arandini et al. (2014) stated that longer storage can cause a decrease in protein levels because the increasing 

number of microorganisms causes degradation of the protein contained in food. The growth of microorganisms causes a 

reduction in protein content because microorganisms require a source of nutrition for their growth, thereby causing a 

decrease in protein levels. The decrease in protein levels during storage is also caused by decomposition by proteolytic 

enzymes and the help of bacteria into carboxylic acids. 

 

Effect of duck jerky shelf life on ash content 

The analysis of variance showed that differences in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a significant effect (P<0.05) on the ash content. Table 3 shows that the average 

ranges from 0.26 to 0.41%. The longer the storage of ground duck jerky, the lower the ash content. The highest average 

ash content was in T1, with 7 days of storage, and the lowest average was in T4, with 28 days of storage. The ash content 

decreased during storage due to increased microorganisms with increasing water content in duck jerky. The ash content 

is related to minerals in food (Anggarani et al., 2019). The more minerals, the ash content in the food will increase. 

Extended room temperature food storage reduces ash content as microbes, reliant on minerals for growth and 

sustenance, consume these minerals over time (Arandini et al., 2022). During storage, there is an increase in Aw and 

water content, which microbial growth, bacteria, and mold will generally follow. Ash content is an inorganic substance left 

over from the combustion of organic material. Ash content is a mixture of inorganic or mineral components contained in a 

food. Foodstuffs comprise 96% organic matter and water; the remainder comprises mineral elements. 

 

Effect of store period of ground duck jerky on carbohydrates by difference 

The analysis of variance showed that the difference in the shelf life of ground duck jerky stored at room temperature 

and vacuum packed had a very significant effect (P<0.01) on the carbohydrate content difference in ground duck jerky. 

Table 3 shows that the average carbohydrate content ranges from 13.25% to 21.46%. Ground duck jerky experienced a 

decrease in carbohydrate content with increasing storage time. The elevated water content during storage influenced the 

chemical composition and quality of duck jerky, causing a decrease in carbohydrates. This decrease was attributed to 

chemical interactions that led to the formation of new compounds, ultimately impacting the overall food quality (Oessoe 

et al., 2014). Calculation of carbohydrates by difference is the determination of carbohydrates in foodstuffs roughly, and 

the results are usually listed in the list of ingredients. The decrease in carbohydrate content can be caused by an increase 

and decrease in other nutrient content, such as water, fat, protein, and ash, during storage because the carbohydrate 

content is highly dependent on the reduction factor. Carbohydrates in jerky are used to improve the texture of jerky to 

make it more tender. Carbohydrate content is needed as a binder and filler for jerky products, thus helping stability and 

increasing water absorption, making the texture soft in jerky (Chan et al., 2022). Carbohydrates have an essential role in 

determining the characteristics of food in taste, colour, and texture (Handayani et al., 2023). 
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Effect of shelf life of ground duck jerky on thiobarbituric acid (TBA) 

The results of the analysis of variance showed that the difference in the shelf life of ground duck jerky by being 

stored at room temperature and vacuum packed had a very significant effect (P<0.01) on the levels of Thiobarbituric acid 

(TBA)/tranquillity of ground duck jerky. The data in Table 3 shows that the average TBA content of ground duck jerky 

ranges from 0.53 to 0.63 µM/g. Pekin duck jerky experienced an increase in TBA value every week. This indicated an 

increase in the rancidity of ground duck jerky. Ground duck jerky experienced increased TBA value due to increased fat 

content during storage, making it easier for jerky to undergo oxidation. Rahman et al. (2015) stated that increasing the 

fat content in food can potentially increase the fat oxidation rate, thereby affecting the value of thiobarbituric acid (TBA), 

and the food will cause rancidity (Liu et al., 2023). Meat that contains high fat will affect the increasing TBA value. This 

shows that the oxidation rate is affected by the fat and fatty acid content. Himawati et al. (2018) stated that liquid smoke 

is antioxidant and antibacterial and can preserve food ingredients due to the presence of phenol, carbamic, and carbonyl 

compounds. The results showed that the duck jerky had a slightly rancid smell on the 21st day or the 3rd week due to the 

higher TBA value of 0.62 µM/g. An increase in the TBA value causes a more pungent rancid odor and an increase in TBA 

during storage is caused by the breakdown of fat which causes a rancid smell and taste due to oxidation reactions (Liu et 

al., 2023). 

 

Effect of shelf life of ground duck jerky on iodine number 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the iodine number of ground duck jerky. The 

data in Table 3 shows that the mean value of ground duck jerky's iodine number ranges from 76.95 to 83.73 g, with the 

highest average being control which is 0 days of storage, and the lowest average being T4, which is 28 days of storage. 

Ground duck jerky during storage showed a decrease in iodine number. A decrease in iodine number indicates the 

development of rancidity in the product due to damage to the double bond by oxidation and the formation of secondary 

oxidation products during storage (Mahmud, 2023). The iodine number measures the amount of unsaturated fatty acids 

in fat. The decrease in iodine number is caused by the decomposition of fats and the saturation of double bonds through 

the degradation of hydroperoxides forming secondary products in the form of carboxylic acids, carbonyls, and other 

degradation products. The level of unsaturation will decrease because the double bond has been broken, so the iodine 

number decreases. A low iodine number indicates that not many unsaturated fatty acids are contained in the fat. These 

unsaturated fatty acids can bind to iodine and form unsaturated bonds. The number of bound iodine indicates the number 

of double bonds. The iodine number shows the number of iodine molecules that can form double bonds in fat, expressed 

in grams of iodine per 100 g of sample. The iodine number is used to determine the unsaturation and rancidity of a 

product. The higher the iodine number, the more advanced the rancidity process will occur in the product. Rancidity is 

damage or change in the smell and taste of a product. Unsaturated fatty acids can bind iodine and form saturated 

compounds. The amount of iodine bound indicates the number of double bonds contained in the product, the higher the 

iodine number, the better the quality of the product. The greater the iodine number, the more double bonds there are in 

the fatty acids of a product. A decrease in iodine number occurs when hydrogen molecules migrate to carbon, causing the 

fatty acid to become saturated. The double bonds of unsaturated fatty acids can bind oxygen to form peroxide which 

causes rancidity (Mahmud, 2023). 

 

Effect of shelf life of ground duck jerky on organoleptic quality 

Organoleptic testing was carried out by 5 trained panelists using a descriptive test. Organoleptic tests include colour, 

texture, aroma, taste, and overall acceptance. A descriptive scoring test assesses product intensity with increasing or 

decreasing order. The score used in the study ranged from 1 to 5, the higher the score given by the panelists, the higher 

the preference of the panelists for the product being tested, and vice versa. Testing the organoleptic quality of ground 

duck jerky using a comparison, namely commercial ground beef jerky. The average values for colour, texture, aroma, 

taste, and overall acceptance are in Table 4. 

 

Table 4 – Average value of colour, texture, and overall acceptance of organoleptic quality 

Treatments Colour Texture Aroma Taste 
Overall 

acceptance 

Control 4.15 ± 0.96 4.10 ± 1.29 4.30 ± 1.29 4.30 ± 0.58 4.40 ± 0.82d 

T1 4.10 ± 0.58 4.05 ± 1.50 4.15 ± 0.96 4.15 ± 0.50 4.20 ± 0.82cd 

T2 4.00 ± 0.82 3.50 ± 1.29 4.10 ± 1.29 4.20 ± 0.82 4.15 ± 0.96c 

T3 3.90 ± 0.58 3.70 ± 1.29 3.70 ± 1.29 3.80 ± 0.82 3.35 ± 0.50b 

T4 3.70 ± 0.58 3.45 ± 1.71 2.95 ± 0.96 3.10 ± 0.58 2.45 ± 0.50a 
a,b,c,d; Means different superscripts in the same column show a very significant effect (P<0.01). T1: storage period for 7 days, T2: 14 days, T3: 

21 days, T4: 28 days 

 

Effect of shelf life of ground duck jerky on organoleptic color 

The analysis of variance showed that the difference in the shelf life of ground duck jerky when stored at room 

temperature and vacuum packed did not have a significant effect (P>0.05) on the color value of ground duck jerky based 
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on organoleptic quality. The data in Table 4 shows that the average color score of ground duck jerky ranges from 3.70 to 

4.15. The 0 to 14 days showed the brown duck jerky color criterion, and the shelf life of 21 and 28 days showed brownish-

red jerky. The oxidation of proteins and fats causes color changes during shelf life. Commercial beef jerky, a comparison 

stored at freezer temperature, had the same color until the 28th day, namely brownish red. With the addition of liquid 

smoke, ground duck jerky can maintain its color due to the presence of phenolic compounds in the liquid smoke. Besides 

that, vacuum packaging can also preserve the color of the jerky. The brown color of beef jerky is produced due to the 

Maillard reaction during drying (Dewi et al., 2020). Compound components in CSLS, such as organic acids, carbonyls, and 

phenols, function to form a reddish brown color (Montazeri et al., 2013). The color of the jerky produced affects the 

consumers liking.  

 

Effect of shelf life of ground duck jerky on organoleptic texture 

The analysis of variance showed that the difference in the shelf life of ground duck jerky when stored at room 

temperature and vacuum packed did not have a significant effect (P>0.05) on the texture value of ground duck jerky 

based on organoleptic quality. The data in Table 4 shows that the average texture score of ground duck jerky ranges from 

3.45 to 4.10. Ground duck jerky has the criteria for being soft with a shelf life of 0 to 7 days; on days 14 to 28 the beef 

jerky has a slightly soft texture. The texture of duck jerky does not change significantly during storage. This shows that 

liquid smoke is able to maintain the texture of ground duck jerky during the storage period. The commercial ground beef 

jerky used as a comparison material until the 28th day stored in the freezer had a soft texture. Phenolic compounds in 

liquid smoke can form hydrogen bonds with water, thereby affecting the binding capacity, elasticity and density of water. 

The texture of duck jerky during storage is still acceptable because the beef jerky still has a relatively soft and chewy 

texture, the texture of the beef jerky is also influenced by the water content. The water content in duck jerky increases 

during storage so it doesn't change the texture of the jerky too much. The decrease in the texture of the jerky to become 

somewhat soft is due to the low protein value, so that the ability of the protein to bind water is reduced so that the WHC 

value of the jerky during storage decreases. The WHC value will affect tenderness. The texture will change along with 

changes in the water content of the food product (Akilie et al., 2021). Water content is one of the characteristics that 

greatly influences the appearance, texture and taste of a food product. 

 

Effect of shelf life of ground duck jerky on organoleptic aroma 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had no significant effect (P>0.05) on the aroma value of ground duck jerky. Table 4 

shows that the average value of duck jerky aroma ranges from 2.95 to 4.30. Jerky stored for 0 to 14 days has the criteria 

for smelling like spices and smoke. On the 21st day the beef jerky smelled slightly of spices and smoke, and the jerky 

smelled slightly rancid. On the 28th day the aroma of the jerky changed to just smelling of spices and smelled rancid. 

Commercial jerky during storage in the freezer until the 28th day is still acceptable because it does not smell rancid. The 

difference in the aroma of ground duck jerky and commercial jerky during storage is caused by differences in storage 

temperature. Ground duck jerky is stored at room temperature, making it easier for bacteria to grow. This may affect the 

sensory quality of the jerky. Aroma scores tend to decrease during product storage as a result of chemical component 

decomposition, resulting in an unpleasant rotten and rancid odor (Budaraga et al., 2021). The presence of enzymes and 

microorganisms causes deviations in the smell and aroma of the product. The foul smell occurs due to the activity of 

proteolytic bacteria which break down proteins into simple compounds such as polypeptides, amino acids, H2S and the 

rancid smell is caused by lipolytic enzymes and protein breakdown. 

Montazeri et al. (2014) stated that liquid smoke compounds such as guaiacol, eugenol, and syringol provide aroma 

to smoked products. Other components that also play a role in aroma and taste are p-cresol, o-cresol, guaiacol, 4-

memethyguaiacol, 4-ethyl guaiacol, eugenol, 4-proppyguaiacol, and isoeugenol. Foodstuffs that contain high protein, 

when damaged by microbes, will produce a rancid odor. The stage of protein breakdown begins with the presence of 

microbes in a food ingredient, and proteins are broken down into small molecules in the form of free amino acids, 

dipeptides, and sugars. Microbes will use these small molecular food ingredients, and then the microbial population will 

overgrow along with the production of even smaller fraction compounds, such as cadaverine, putreceine, organic acids, 

CO2, H2S, and NH3. Rancid odor in meat during storage occurs due to oxidation of unsaturated fatty acids and protein 

degradation. Rancidity is a process of lipid oxidation (Othón-Díaz et al., 2023). The smell of fat will change to an 

unpleasant odor and if the rancidity has reached its limit, it will taste bitter with longer storage time. The increasing 

growth of microorganisms can cause the aroma to become increasingly rancid and sour. 

 

Effect of shelf life of ground duck jerky on organoleptic taste 

The analysis of variance showed that differences in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had no significant effect (P>0.05) on the taste value of ground duck jerky. Table 4 

shows that the average value of jerky flavor ranges from 3.10 to 4.30. Storage of duck jerky for 0 to 14 days has the 

criteria of meaty and smoked taste. Storage for 21 and 28 days of duck jerky has slightly tasted of meat and smoke. 

Storage for 21 days of duck jerky tastes slightly rancid, and commercial beef jerky during storage until 28 is still 

acceptable. Components in smoke that affect the taste of smoked products are phenols, carbonyls, and organic acids, 

and they function as antioxidants, which can inhibit the oxidation of protein and fats during storage so that the rate of 
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decline in the flavor score can be hampered. The fat oxidation process in a product will affect the taste, color, texture and 

nutritional content of the product (Shahidi and Hossain, 2022). Changes in taste occur due to oxidation of unsaturated 

fats and fat decomposition. Phenolic compounds actively contribute to shaping the product's taste, enhancing its flavor, 

and promoting the presence of antioxidant components such as phenol aldehydes, 2,6-dimethoxyphenol, 2,6-dimethoxy 

phenolic acids, and 4-ethylphenol. Additionally, these compounds also play a key role in creating the taste and aroma of 

the final product (Montazeri et al., 2013). Components in smoke that affect the taste of smoked products are phenols, 

carbonyls, and organic acids, and they function as antioxidants, which can inhibit the oxidation of protein and fats during 

storage so that the rate of decline in the flavor score can be hampered.  

 

Effect of ground duck jerky shelf life on overall acceptance 

The analysis of variance showed that the difference in the shelf life of ground duck jerky by being stored at room 

temperature and vacuum packed had a very significant effect (P<0.01) on the overall acceptance value of ground duck 

jerky. Table 4 shows that the average overall acceptance score ranges from 2.45 to 4.40. Storage of ground duck jerky for 

0 to 14 days has an acceptable overall acceptance value. Storage of jerky on the 21st day has a somewhat acceptable 

overall value because the jerky has started to smell and taste rancid. On the 28th day, ground duck jerky was not 

accepted because it was already flavorful and tasted rancid. Commercial beef jerky used as a comparison for up to 28 

days of storage had overall acceptability that was still acceptable. This is due to the difference in storage temperature so 

that commercial ground beef jerky stored in the freezer can maintain its nutritional quality so that there are no deviations 

based on organoleptic quality, and ground duck jerky stored at room temperature shows an increase in water and fat 

content, which can reduce the nutritional quality so that it can affect other chemical components. The longer the storage, 

the lower the panelists' assessment of overall acceptability. This is caused by increasing levels of water, fat and rancidity, 

thereby reducing the acceptance of the aroma and taste of ground duck jerky, thereby reducing the overall product 

acceptance score. 

 

CONCLUSION  

 

The results showed that ground duck jerky stored at room temperature and vacuum packed had a very significant effect 

on pH, texture, color L, a*,b*, Aw, moisture content, fat, carbohydrates based on difference, TBA, and number iodine, 

significant effect on ash content, and no significant effect on WHC, protein content, and organoleptic quality. Pekin duck 

jerky with the addition of sonicated coconut shell liquid smoke and stored for different periods of time was able to survive 

until the 14th day because more than that the jerky experienced an increase in pH of 6.43-6.54; Aw of 0.74-0.78; water 

content of 44.84-47.06%; fat of 10.29-10.72%; TBA of 0.62-0.63 µM/g and decreased protein content by 29.13-28.82% 

and iodine number 77.06-76.95 g which can reduce the quality of duck jerky. 
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Supporting Information  

ABSTRACT: This study was conducted to ascertain the suitability of alternative locations for temperature 

measurement, with reference to rectal thermometry in sheep, using a digital thermometer (DT). The study 

employed a single-factor multilevel design, considering anatomical location (site) as the main factor. This 

anatomical location factor had four conditions, including rectal (rectalDTt), undertail (undertailDTt), inguinal 

(inguinalDTt), and axillary (axillaryDTt) locations. A total of 16 sheep were recruited for the study, and each 

treatment had eight replicates. The data obtained were descriptively analyzed using means and standard 

deviations, while inferential statistics included analysis of variance (ANOVA), Pearson’s correlation, Tukey’s 

test, t-test, and Bland-Altman plot. The mean inguinalDTt was the highest (39.51 ± 0.31℃), while the lowest was 

the mean undertailDTt (38.97±0.45). The effect of anatomical location on temperature readings was 

statistically significant. The difference between mean rectalDTt and inguinalDTt, or axillaryDTt was not significant.  

The rectalDTt measurements were significantly correlated with those of each treatment. Equivalence analysis 

revealed a non-significant bias between the rectalDTt and inguinalDTt pair. The Bland-Altman plot showed a good 

level of correlation and considerable agreement between rectalDTt and inguinalDTt measurements. In conclusion, 

temperature measurement at the inguinal location results in readings that are similar to those of rectal 

thermometry and thus may be of clinical importance in the future, particularly with digital thermometer 

application in sheep.  

Keywords: Anatomical location, Body temperature, Digital thermometer, Sheep, Rectal thermometry. 
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INTRODUCTION   
 

The core body temperature, also known as animal body temperature, is the average temperature of an animal's deep 

body core (Godyń et al., 2019).  Additionally, it is closely related to the animal’s metabolism and life activities, which can 

reflect the physiological and health status of animals (Cai et al., 2023). There are many conditions that cause 

temperature changes, namely infectious diseases, thermal stress, synchronization and estrus status, onset of lambing, 

among others ( Underwood et al., 2015; Fischer-Tenhagen and Arlt, 2020). It is possible to have a better understanding of 

the physiological changes that occur in an animal and in-depth analysis of its health by way of body temperature 

measurement (Cai et al., 2023). Body temperature assessment should be the first procedure to be done when examining 

sheep, and the results interpreted in conjunction with other clinical signs (Stockler et al., 2021). In view of this, early 

measurement of this physiological marker would result in timeous decision-making or management of many conditions, 

and minimizes undue reproductive and economic losses (Godyń et al., 2019; Abigaba and Sianangama, 2023). 

The are many body temperature sensors that have been explored for application in sheep, for example, temperature 

loggers, transponders, clinical digital thermometers (digital thermometer; DT), clinical mercury thermometers (mercury 

thermometer; MT), and non-contact infrared devices like infrared thermometers and thermal infrared cameras (Pourjafar 

et al., 2012; Abecia et al., 2015). However, most of these devices are either sophisticated to use, less accurate, expensive, 

not readily available, or potentially hazardous (George et al., 2014). These drawbacks are of great concern to the farmers, 

particularly those who live in the rural setting or practice smallholder farming system. Accordingly, the MTs and DTs have 

been used by many clinicians and some farmers to measure the body temperature of various livestock species, including 

sheep, for many years. This notwithstanding, the MTs have been sidelined in some countries like USA because of the 

following drawbacks: generally time consuming, susceptible to breakage, and may cause environmental toxicity 

(Katsoulos et al., 2016). Recently, the DT device has gained popularity among many users worldwide. This popularity is 
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attributed to many factors, namely accuracy and relative rapidity of measurement, nontoxic to the environment, user 

friendly, less expensive, and availability (Cadioli et al., 2010; Hine et al., 2015). 

The DT device is traditionally applied in sheep per rectum, hence it is among the temperature sensors under the 

group known as rectal thermometers. Temperature measurement per rectum is referred to as rectal thermometry; this 

method remains the gold standard for the body temperature assessment in sheep (Katsoulos et al., 2016). This 

notwithstanding, rectal thermometry has been associated with potential drawbacks, such as stress, fomite for disease 

spread, rectal injuries to animal, inter alia (Katsoulos et al., 2016; Yadav et al., 2017). Notably, some of these 

disadvantages also apply to the DT device when it is used to measure temperature per rectum (Muhammed et al., 2019). 

Hence the ability to measure body temperature at the peripheral locations may be helpful and less invasive (Kearton et 

al., 2020). In view of the foregoing, there is an urgent need to search for an alternative anatomical location that is safer, 

non-invasive, easy to use, and robust to external variations, particularly with a digital thermometer. This study was 

conducted to compare rectal thermometry with the alternative temperature that is measured at the minimally-invasive 

skin locations among adult sheep of both genders.  

 

MATERIALS AND METHODS 

 

Ethical consideration 

This study used animals that were physically healthy; the procedures conducted on them were non-lethal and 

inflicted little or no distress to the study animals. The animal handling, including restraint, experimentation, inter alia, was 

done with strict supervision by the institutional committee on the animal research. The procedures were done in 

accordance with the guide for the care and use of agricultural animals in research and teaching (ASAS, 2020). 

 

Study area 

This study was conducted during the month of July, 2023, at the farm station that is owned by the School of 

Veterinary Medicine, The University of Zambia, located in Lusaka, Zambia. Zambia is located at a latitude S 14° 20' 0'' 

and longitude E 28° 30' 0'' according to the GeoNames geographical database Google Earth-2023. The country lies, in the 

tropics, within the Southern-African region. In terms of its weather conditions, Zambia receives an average annual 

precipitation that ranges from 800 to 1400 mm, while the temperature ranges from 10 to 20℃ during winter and 20 to 

30℃ in the hot-dry seasons (Bailey et al., 2021). The average ambient temperature and humidity conditions at the field 

station ranged from 21.5 to 22.5℃ and 41 to 51%, respectively, during the study period.  

 

Experimental animals   

This study included physically-healthy sheep that belonged to the School of Veterinary Medicine, the University of 

Zambia. The weight of these sheep ranged from 43 to 74 kg, with an average of 56 kg. Their age ranged from 1 to 3.5 

years, with an average of 2.4 years. All the animals were kept under a semi-intensive rearing mode; they were mostly 

grazing within the paddocks with minimal supplementation using a commercial concentrate. The concentrate was 

supplied by National Milling Limited, Lusaka, Zambia. Water was provided to the sheep ad libitum. 

 

Experiment design 

The study employed a single-factor multilevel design to determine differences between temperature measurement 

methods in sheep. According to the design, anatomical location was the main factor considered. This factor had four 

levels (conditions), namely rectal, axillary, undertail, and inguinal locations, and the measurement conducted at each 

location was regarded as a measurement method. In this case the measurements were performed at the rectal (rectal 

temperature; rectalDTt), undertail (undertail temperature; undertailDTt), inguinal (inguinal temperature; inguinalDTt), and axillary 

(axillary temperature; axillaryDTt) locations. Additionally, the rectalDTt was considered as the reference measurement method. 

A total of 16 adult sheep were used for this study, and each condition had 8 replicates. In this study, each animal was 

assessed for all the measurement locations.  

 

Temperature measurement  

Prior to the temperature measurement, each sheep was physically restrained according to the procedures by 

Stockler et al. (2021). Then, temperature readings (DTt) were taken from each sheep after 20-minutes lapse; this was 

done to minimize the potential effects of psychogenic fever on the study results. Temperature measurement was 

conducted on the sheep in a semi-temperature controlled indoor facility, which aimed to minimize variations in the 

environmental conditions like temperature changes. Furthermore, the measurement of temperature was done using a 

functional veterinary digital thermometer (DT; GB Kruuse digital thermometer, Taipei, Taiwan). The measuring range of 

this thermometer was 30.0 - 43.9℃, and its resolution was 0.1℃. Temperature measurement, at the various anatomical 

locations considered, was done following an order that was determined using a simple random selection. In this case, 

selection was done using folded papers that bore the name of each anatomical location; these were tossed followed by 

randomly picking one at time without replacing it. This selection procedure was intended to minimize the bias; hence it 

was repeated for each sheep under study. Additionally, all the temperature data were obtained at the different 

anatomical locations on the same day.  
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The rectalDTt measurement was performed based on the previous procedure (Pourjafar et al., 2012). In the case of 

the inguinalDTt and axillaryDTt measurements, the procedures were based on another study (Levy et al., 2020), with a minor 

modification. Briefly, axillaryDTt measurement was conducted by carefully inserting a DT probe deep into the left axilla, 

approaching from the caudal aspect, and aiming towards the dorsum. This procedure was done on a study sheep standing 

with both forelimbs close to its body. Again, a similar standing posture, with both hindlimbs close to the body, was 

considered during the inguinalDTt measurement. The inguinalDTt readings were obtained by inserting a DT probe deep in the 

left inguinal area, approaching from the cranial aspect, and aiming towards the dorsum. With regard to the udertailDTt 

measurement, the DT probe was introduced in between the ano-triangular surface and tail base, approaching from the 

lateral aspect, and aiming towards the cranial direction. For each measurement location, the DTt readings were recorded 

whenever an alarm went off and the degree sign stopped flashing. The duration between the DT placement at the site and 

temperature recording ranged from 15 to 65 seconds. Additionally, each anatomical location was measured twice and an 

average of the two (DTt) readings considered as a single datum.  

 

Data analysis 

In the Statistical Package for Social Scientists (SPSS® IBM 26 version, USA), data were analyzed using descriptive 

statistics, including means and standard deviations (SD). The Shapiro-Wilk and Lavene’s tests were used to check for 

normality and homogeneity of the data, respectively. For inferential analysis, selected statistical tests were conducted. A 

One-way analysis of variance (ANOVA test) between subjects was conducted using Generalized Linear Model, a univariate 

analysis procedure, to determine the main effect of location factor. The following statistical model was considered; 

𝑌𝑖𝑗 = 𝜇 + δ𝑖 + 𝑒𝑖𝑗 

Where, 𝑌𝑖𝑗 is the dependent variable denoting the trait measured (DTt reading), 𝜇 represents the overall mean, δ𝑖  

signifies the fixed effect of the 𝑖th location (𝑖 = rectal, undertail, inguinal, and axillary location), and 𝑒𝑖𝑗 is the random error 

term. Tukey test was used to determine the pairs whose means differed. The correlation between the different 

temperature measurements was determined using a Pearson’s correlation test. A one-sample t-test was employed to 

establish the level of bias between the reference and alternative measurements (locations), while a Bland-Altman 

analysis was employed to compare selected DTt measurement methods. In all cases, significance was taken at a level of 

p < 0.05. 

 

presented in this subsection. The Lavene’s test showed equality of the groups’ variance (F(3,60) = 1.212, p > 0.05). The 

main effect of location factor on temperature readings (DTt) was statistically significant (F(3,60) = 7.241, p > 0.05, ηp
2 = 

0.266). The observed effective size (ηp
2) indicated that 26.6% of the variance in the DTt was explained by the location 

factor. The mean DTt, including rectalDTt, undertailDTt, inguinalDTt, and axillaryDTt, that was measured at the rectal, inguinal, 

axillary, and undertail locations, respectively, are presented in Table 1. The mean inguinalDTt was the highest (39.51 ± 

0.31℃), while the lowest mean value was undertailDTt (38.97 ± 0.45℃). There was no significant difference between 

measurements at the rectal (rectalDTt) and inguinal (inguinalDTt) area (p > 0.05), or axillary location (p > 0.05). The mean 

rectalDTt was significantly higher than that of the undertailDTt measurement (p < 0.05).   

 

The correlation between temperature readings at different anatomical locations  

The results from a correlation analysis of the various DTt readings, including rectalDTt, undertailDTt, inguinalDTt, and 

axillaryDTt, are shown below (Table 2). Considering rectalDTt as the standard measurement, the correlation between rectalDTt 

and axillaryDTt readings was the stronged (r = 0.928, p < 0.05), while the lowest was observed with the undetailDTt (r = 0.782, 

p < 0.05). When ‘stardard method factor’ is not considered, the correlation between inguinalDTt and axillaryDTt readings (r = 

0.943, p < 0.05) and that of the undetailDTt and inguinalDTt (r = 0.582, p < 0.05) was the strongest and weakest, respectively. 

 

Reliability and comparison of the DTt measurements (methods) in sheep  

The results of a reliability analysis that quantitatively analyzed for the potential significance in the mean of 

differences (bias) between paired DTt readings or measurements, viz. rectalDTt measurement (standard method) with each 

of the alternative anatomical locations (methods), are presented below (Table 3). The rectalDTt-undertailDTt pair had the 

largest mean of differences (bias) (0.5±0.28℃), while the rectalDTt-inguinalDTt pair had the lowest bias (-0.03±0.15℃). The 

equivalence analysis revealed a significant bias between rectalDTt and undertailDTt measurements (p < 0.05), as well as 

rectalDTt and axillaryDTt (p < 0.05). The bias between rectalDTt and inguinalDTt measurements was not significantly different (p > 

0.05); moreover, the data for the difference values met the normality assumption. The relationship between rectalDTt and 

inguinalDTt measurements or methods is shown in Figure 1. From the plot, most of the data points are close to the zero line, 

a similar distribution of the points is observed around the bias (mean of difference) line. Most of the data points are within 

the agreement limits and not significantly different (p > 0.05, with a 95% confidence interval).  

 

RESULTS 

 

The mean temperature at different anatomical locations 

The results of ANOVA that was conducted to determine the effect of location factor on the temperature readings are 



387 
Citation: Abigaba R, Sianangama PC, Chibinga O, Gulaita N, Muloongo S, and Mwanga ES (2023). Comparison of rectal thermometry with the alternative undertail, 

axillary, and inguinal temperature measurements in sheep. Online J. Anim. Feed Res., 13(5): 384-390. DOI: https://dx.doi.org/10.51227/ojafr.2023.54 

Table 1 - The mean temperature readings measured at the different anatomical locations 

Variable DTt readings 

Measurement site/method Mean±SD (℃) Minimum (℃) Maximum (℃) 

Rectal 39.47 ± 0.35a 38.85 40.04 

Undertail 38.97 ± 0.45b 38.10 39.60 

Inguinal 39.51 ± 0.31a 39.05 40.03 

Axillary 39.34 ± 0.34a 38.80 40.25 

Total  39.32±0.41 - - 

a,b Different letters (superscript) within the same column denote a significant difference (p < 0.05), SD: standard deviation, ℃: degrees Celsius, 

DTt: temperature reading by a digital thermometer 

 

Table 2 - Correlation between DTt readings obtained from the different anatomical locations  

 rectalDTt undertailDTt inguinalDTt axillaryDTt 

rectalDTt 1    

undertailDTt 0.782* 1   

inguinalDTt 0.898* 0.582* 1  

axillaryDTt 0.928* 0.640* 0.943* 1 

DTt: temperature readings by a digital thermometer, correlation coefficient 0.00-0.10: negligible, 0.10-0.39: weak, 0.4-0.69: moderate, 0.7-

0.89: strong, 0.9-1.0: very strong correlation, *significant correlation at p < 0.05  

 

Table 3 - Shows results of equivalence analysis for the different DTt measurement pairs 

Paired sites/methods DTt measurements (difference) 

 Mean±SD (℃) df t-value p-value 
95% CI 

Lower Upper 

Rectal - undertail 0.5±0.28 15 7.214 <0.05 0.35 0.65 

Rectal - inguinal -0.03±0.15 15 -0.8 >0.05 -0.11 0.05 

Rectal - axillary -0.13±0.13 15 4.134 <0.05 0.07 0.20 

DTt: temperature readings by digital thermometer, CI: confidence interval, SD: standard deviation, df: degrees of freedom, ℃: degrees Celsius, 

<: less than, >: greater than  

 

 
Figure 1 - A Bland-Altman plot showing the rectal-inguinal temperature relationship  
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DISCUSSION 

 

The measurement of body core temperature is among the means employed to monitor the health and reproductive status 

of animals, including sheep (George et al., 2014; Godyń et al., 2019). The notion behind this is that when the measured 

temperature falls outside the range of temperatures covered by the normal circadian rhythm (Weinert and Waterhouse, 

2007), it is regarded as an abnormal body temperature and thus signals changes in the animal status. For this reason, its 

monitoring provides an early signal regarding the status of the animal in terms of morbidity, thermal stress, 

synchronization and estrus status, calving onset, and other factors that may impact on rhythmicity of normal body 

temperature (Fischer-Tenhagen and Arlt, 2020; Kearton et al., 2020). However, many of the temperature sensors fall 

short of the needed basic qualities, viz. non-invasive, rapid, safer, easy to use, and robust to external variations. Rectal 

thermometers, including the clinical digital thermometer, are generally robust to external variations and acceptably 

accurate. Moreover, rectal thermometry, a standard method for the body temperature measurement, relies on the use of 

these clinical thermometers. Since rectal thermometry is associated with many drawbacks (Abecia et al., 2015; Yadav et 

al., 2017), the current study has discovered an alternative location on sheep at which temperature measurement may be 

conducted using a digital thermometer. This measurement location is less invasive and allows manipulation with ease. 

This study revealed that mean temperature at the inguinal location, as well as axillary temperature, was similar to 

rectal temperature. The observed mean temperature values, particularly at the inguinal and indeed rectal locations, were 

consistent with the earlier reported rectal temperature (39.48±0.09℃) (Katsoulos et al., 2016). Moreover, the mean 

temperature values for both inguinal and rectal measurements fell within the established body temperature ranges for a 

normal or healthy sheep (39.0-39.75℃) (Stockler et al., 2021). The consistency between the observed mean inguinal 

temperature and the reference normal body temperature for sheep points to the potential utility of inguinal thermometry. 

Currently, rectal temperature is mostly used to estimate the body core temperature of animals, including sheep 

(Katsoulos et al., 2016). However, the temperature acquired by this method can be affected by digestion, peristaltic 

movements, fecal masses, muscle tone, and physical activity (Abecia et al., 2015). In terms of the numerical 

comparisons, the inguinal temperature was generally closer to the body core temperature compared to its rectal 

counterpart. It is plausible that the closely apposed thigh and abdominal wall (inguinal) was responsible for the 

aforementioned, since this anatomical predisposition may have minimized heat loss to the environment. It is noteworthy 

that variations in temperature readings, numerical and or statistical, were observed at different locations. This was 

consistent with the previous study reports for many animals species, including sheep (Kearton et al., 2020), cattle (George 

et al., 2014), and chickens (Abigaba and Sianangama, 2023).  

The strong correlation observed between rectal and inguinal temperature was consistent with the previous findings 

in sheep (Katsoulos et al., 2016) and chickens (Abigaba and Sianangama, 2023), but disagreed with those of cattle 

(unpublished data). Moreover, the mean of difference between the rectal-inguinal temperature pair was not statistically 

significant (p > 0.05). This points to the reliability of inguinal temperature measurement (method) for body core 

temperature estimation in sheep. With regard to the rectal-axillary temperature pair, the observed bias was significant 

despite the similarity in their means and a strong correlation. The current correlation results are consistent with the 

previous study findings in a related species, which reported a strong correlation between the rectal and axillary 

temperature (r=0.95, p < 0.01) (Chaturvedi et al., 2004). Discussing about deductions from the foregoing, it can be stated 

that all odds favour the inguinal location for temperature measurement in sheep compared to axillary location. However, 

further studies utilizing larger sample sizes, under a more controlled environment, may be needed to validate the current 

findings.   

It should be mentioned that correlation coefficients reveal a relationship between variables or methods but do not 

determine their agreement (Doğan, 2018). The observed significant bias from the zero-point limit, in the case of rectal-

axillary temperature pair, supports this notion. For this reason, the Bland-Altman analysis was conducted for the rectal-

inguinal temperature pair only, since their mean of differences did not show a significant bias. The results indicated a 

good level of correlation and or agreement because most of the observed data points were close to the bias and zero 

lines, respectively, although the observed limits were considerably outside the previously suggested difference of ± 0.2℃ 

(Fulbrook, 1993). The current findings are similar with those of the previous study in a related species (Abigaba and 

Sianangama, 2023), although the limits of agreement was generally higher than the case of an earlier study. It is 

plausible that this disparity in the limits of agreement was attributed to the smaller sample size, species studied, and 

environmental conditions under the current study. Moreover, this study did not factor in the contested lustiness of rectal 

thermometry to external variations (Abecia et al., 2015). Hence future studies intended to validate the current findings 

must factor in these issues. Additionally, a consideration of the potential hyperthermia or fevers that are attributed to 

localized causes, for example lactation and mastitis (Stockler et al., 2021) will also be crucial. A proper positioning of the 

thermometer probe at the inguinal location is also suggested to minimize the environmental effects on temperature 

readings. These may confound the actual estimates of the body core temperature.  

 

CONCLUSION 

 

Body temperature monitoring contributes to the early detection and management of febrile conditions and changes in the 

physiological state of animals, including sheep. In an effort to search for a suitable thermometry method, it was observed 
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that variations in temperature readings existed among the different anatomical locations under study. However, it was 

revealed that the rectal and inguinal temperature measurements in sheep had similar means, strong correlation, with a 

non-significant bias between them, particularly when a digital thermometer is employed. Additionally, the observed higher 

numerical value of the inguinal temperature could suggest a better reflection of the body core temperature than the case 

is with the standard rectal thermometry. Further studies are needed to validate the current findings, particularly on the 

inguinal location, for generalization and future application.  
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ABSTRACT: Aims of study was to determine the relationship between steaming up with colostrum production 

at different milking times. The animals used in this research were 36 pregnant Holstein-Friesian (HF) cows. 

The method used in this research was a case study. Samples were determined with purposive sampling. The 

selected animal was divided into two groups, T1 (control) and T2 (steaming up). The steaming up was done 

two weeks prior to calving. The total average of colostrum production from HF cows that were in T2 group was 

11.96±2.40 liter/cow/day, while the mean value of colostrum production from HF cows that were in T1 group 

was 8.05±1.80 liter/cow/day. The average colostrum production that was collected at morning milking from 

cows in T2 group was 6.38±1.36 liter/cow/day and at afternoon milking was 5.58±1.11 liter/cow/day, 

significantly higher than T1 group which was 4.22±0.92 liter/cow/day at morning milking and 3.83±0.90 

liter/cow/day. The result of the regression equation on morning milking is Y = 2.059 + 2.159x. This means 

that steaming up treatment can increase colostrum production by as much as 2.159 liters at morning 

milking. While the result of the regression equation on afternoon milking is Y = 1.753 + 2.078x. This means 

steaming up treatment can escalate the colostrum production as much as 2.078 at afternoon milking. That 

equation is used as the basis for estimating the relationship between steaming up with colostrum production 

at both milking times, with a correlation coefficient (r) between steaming up and colostrum quantity at 

morning milking is 0.692, which means the relationship is in the strong category. Meanwhile, the relationship 

between steaming up and colostrum yield at afternoon milking is 0.666, which means the relationship is also 

in the strong category. It was concluded that steaming up had a very significant effect at both milking times 

in Holstein-Friesian cows. 

Keywords: Calving, Colostrum production, Holstein-Friesian Cows, Milking time, Steaming up. 
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INTRODUCTION   
 

In general terms, dairy cows make a major contribution to the national milk needs for human nutrition (Graulet, 2014). 

There are two most common dairy cow breeds in Indonesia, which are Holstein-Friesian (HF) and Jersey, whilst HF has the 

highest milk production than any other breed that can reach 4500-5000 liter in one lactation period (305 days) 

(Sembada, 2018). Milk production in Indonesia is relatively low, with production in 2022 as much as 968.980,14 tons 

(Statistics Indonesia, 2023). Dairy milk production depends on various factors such as the genetic, environmental, 

genetic, and environmental interaction, how milking increases milk production and milking interval (Beerda et al., 2007; 

Abdelsayed et al., 2014; Garantjang et al., 2020). Many local farmers are looking for a way to increase their cow’s milk 

production (Kant and Yadav, 2016). One of the ways is steaming up treatment for cross-bred cattle (Sirohi et al., 2014; 

Kant and Yadav, 2016). 

Steaming up or extra feeding of nutrients helps enhance the cow’s milk production (Das et al., 2007). Steaming up 

was conducted during a dry period, approximately 2-3 weeks before calving (Arfuso et al., 2016). The purpose of 

steaming up is to give better production performance of the dairy cow in the next lactation period because it allows the 

udder secretory cells to develop maximally before the start of the lactation period (Nugraha and Surjowardojo, 2022). 

High-energy feeding consumption during late gestation will high-energy feed consumption required during late gestation 

ensures adequate nutrient supply and produce good growth of the mother and fetus (Dharmawan et al., 2019). Feeding 

extra nutrients to cows before calving is claimed to increase milk production and make cows ready for high intakes of 

concentrates that should be fed in early lactation (Pradhan et al., 2011). Moreover, increasing the quantity and quality of 

the feed is an effort to counteract NEB (Negative Energy Balance) (Bünemann et al., 2020). Cows are unable to adapt to 
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the metabolic demands during the pre- and post-partum transition period and are more prone to subsequent negative 

events (Fiore et al., 2017). In addition, steaming up also has a role in bovine colostrum production, which is important to 

maintain dairy cow production performance (Surjowardojo et al., 2021).  

 Colostrum is the first milk that comes out from the udder after calving, which contains antibodies and nutrition 

for the calf (Surjowardojo et al., 2021) and it is produced for the next five days (Quinn et al., 2020). Colostrum has a 

yellowish color with a thick texture that is given to the calf as long as the colostrum still produce and has not transitioned 

into fresh milk (Surjowardojo et al., 2022). Colostrum has unreplaceable contents such as macro- and micro-nutrient, 

immunoglobulins, antimicrobial peptides, and growth factors. More specifically, the defense mechanism from colostrum 

can counter bacteria and virus contamination (Surjowardojo et al., 2020) and it is vital for calf since a passive immune 

system of the calf was obtained from consuming colostrum (Susilorini et al., 2023). There is evidence that colostrum is 

essential for nutritional and immunological support, growth, and development of the newborn calf (Playford and Weiser, 

2021). The contributing factors in colostrum production are dry period length, dry period nutrition, parity, season, and 

previous 305 days of milk production (Gavin et al., 2018). Nugraha and Surjowardojo (2022) in their research stated that 

steaming up treatment can increase the colostrum yield. Therefore, the main objective of this study was to examine the 

relationship between steaming up with the colostrum production at different milking times. 

 

MATERIALS AND METHODS 

 

The research method used in this research was a case study at Koperasi Peternakan Sapi Perah (KPSP) Setia Kawan, 

Nongkojajar, Tutur Sub District, Pasuruan Regency. The material used in this research was 36 HF cows, which had already 

entered the dry period. The samples were determined by purposive sampling. These cows were either in their 2nd or in 

their 3rd lactation period. The selected animals were in their late stage of pregnancy and divided into two groups, the 

control (T1) group and steaming up (T2) group. The animals in group T1 were provided with 30 kg grass per day and 4 kg 

concentrate per day whilst, in group T2 were given 35 kg grass per day and 8 kg concentrate per day, two weeks before 

calving. Concentrate consists of a mix of pollard, corn DDGS (Distiller Dried Grains with Soluble), wheat DDGS, CGF (Corn 

Gluten Feed) and PKE (Palm Kernel Expeller), which contains vitamins, minerals, and antioxidants as feed additives. Field 

observation was held to obtain primary data and identify colostrum production. The first colostrum was measured with a 

measuring container at the exact moment after the cows gave birth or no later than 30 minutes after. Afterwards, 

colostrum production was observed until the next five days. Morning milking was carried out at 5.00 a.m., while afternoon 

milking was at 3.00 p.m. Colostrum production from both treatment groups was analyzed statistically by linear 

regression. Statistical analysis was conducted using Microsoft Excel 365 and IBM SPSS Statistics 26 software. 

 

Ethical regulations 

This study was conducted in accordance with the Animal Care and Use Committee, Universitas Brawijaya, Malang, 

East Java, Indonesia, with ethical clearance number 062-KEP-UB-2023. 

 

 

RESULTS AND DISCUSSION 
 

 

According to the data in Table 1, the total colostrum production in T2 (steaming up) was 11.96±2.40 liter/cow/day, 

dramatically higher than that produced in the treatment T1 (control) group which was 8.05±1.80 liter/cow/day. This is in 

accordance with (Nugraha and Surjowardojo, 2022) which stated that steaming up treatment on dairy cows that was 

carried out by farmers gives a better performance of colostrum production compared to cows that were not treated with 

the treatment. The cows in T2 (steaming-up) group produced 6.38±1.36 liter/cow/day at morning milking and 5.53 

liter/cow/day in the afternoon, which was significantly higher than that produced in the treatment T1 (control) group which 

was 4.22±0.92 liter/cow/day at morning milking and 3.83±0.90 liter/cow/day in the afternoon (Jurkiewicz et al., 2005) 

stated that increasing the nutrient value of diets during the final week before calving and one week after will improve the 

milk production and the blood metabolite, as indicated by the improved protein and energy balance of periparturient cows 

and lower susceptibility of the cow's metabolic order. Steaming up can also have a positive effect on calf birth weight (Das 

et al., 2007). 

 

Table 1 - Colostrum production at morning milking and afternoon milking 

                   Mean ± Std. Dev  

 

Treatment 

 

N 

Colostrum Production at Morning 

Milking (5.00 a.m.) 

(liter/cow/day) 

Colostrum Production at Afternoon 

Milking (3.00 p.m.) 

(liter/cow/day) 

Total Colostrum 

Production 

(liter/cow/day) 

T1 (control) group 18 4.22±0.92a 3.83±0.90a 8.05±1.80a 

T2 (steaming up) group 18 6.38±1.36b 5.58±1.11b 11.96±2.40b 

Total 36 5.30±1.58 4.70±1.34 10.01±2.88 

Steaming up treatment showed a very highly significant different effect (P < 0.001) on colostrum production at both milking times.  
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This research also showed colostrum that was collected in the morning milking had higher average production 

compared to colostrum production in afternoon milking on either treatment. Milk production collected at morning milking 

tends to be higher than that harvested at afternoon milking because the interval time for milking in the morning was 

longer (14 hours) than the interval time for milking in the afternoon (10 hours). Milking interval is one of the factors that 

affect milk quality and quantity, longer interval tends to have higher milk production (Garantjang et al., 2020). 

 

 
Figure 1 - Colostrum production at morning milking 

 
 

 
Figure 2 - Colostrum production at afternoon milking 

 
 

As reported in Figure 1, the result of the regression and correlation analysis between steaming up with colostrum 

production at morning milking shows that the correlation coefficient (R) value is 0.692 which means both variables have a 

positive strong relationship. While in Figure 2, shows that the R-value of the data analysis between steaming up with 

colostrum production afternoon milking is 0.666 which means both variables also have a strong relationship. Figure 1 

also shows that the value of the coefficient of determination (R2) is 0.478. which implies that the effect of steaming up 

Y = 2.059 + 2.159x 

R = 0.692 

R² = 0.478 
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on colostrum production at morning milking is 47.8%. While the remaining 52.2% is influenced by other factors. Soufleri 

et al. (2021) stated that colostrum production is affected by several factors like lactation period, season, parity, dry period 

length, previous lactation milk yield, milking interval and BCS. Surjowardojo et al. (2020) also stated that harvest time can 

also be a factor that can be affecting colostrum production. Whilst in Figure 2 depicts that the value of the R2 is 0.443 

which means that steaming up treatment affects 44.3% of the colostrum production at afternoon milking and the 

remaining 55.7% is determined by other factors. 

 

CONCLUSION  

 

Steaming up treatment had a strong relationship with production colostrum and had a very highly significant effect (P < 

0.001) on colostrum production in both milking times (morning and afternoon) on Holstein-Friesian cows. It suggested 

that farmer need to carry out steaming up treatment to their HF cows because it has been proven to have a positive effect 

on colostrum production in both morning and afternoon milking which are suitable for fulfilling the calf need and bodes 

well for milk production in the next lactation. 
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ABSTRACT: Paratyphoid salmonellosis is a serious disease that threatens the poultry industry worldwide, 

besides its public health hazard. The aims of this study were characterization of paratyphoid Salmonella spp. 

in chicken flocks of some Egyptian governorates, demonstration of the antimicrobial susceptibility of the 

isolated Salmonella spp., and detection of some virulence genes and antibiotic resistance genes using recent 

molecular techniques. A total of 238 organ samples were collected from 52 broiler, layer, and breeder 

chicken flocks, representing 9 Egyptian governorates. Conventional characterization of Salmonella isolates 

revealed a total isolation rate of 56.3% (134/238). Moreover, the isolation rates of Salmonella spp. were 

(49/79; 62%), (47/81; 58%), (10/18; 55.5%), (9/20; 45%), (2/6; 33.3%), (2/3; 66.7%), and (15/82; 53.6%) 

from liver, yolk sac, heart, spleen, caecum, ovary, and dead-in-shell embryos, respectively. A total of 32/238 

(13.44%) isolates of Salmonella were found. Serological identification revealed presence of S. enteritidis 

(21.9%), S. kentucky (15.6%), S. typhimurium (12.5%), S. molade (12.5%), S. takoradi (9.4%), S. wingrove 

(6.3%), S. infantis (6.3%), S. tsevie (6.3), S. shangani (3.1%), S. bargny (3.1%), and S. papuana (3.1%). All 

Salmonella strains (32/32; 100%) were resistant to streptomycin, while almost all of them (31/32; 96.9%) 

were susceptible to meropenem. The amplification of 16S rRNA gene of Salmonella isolates using uniplex 

polymerase chain reaction (PCR) generated a specific Salmonella product of approximately 550 base pair. 

The multiplex PCR revealed presence of invA (100%), stn (65.6%), and sopB (40.6 %) virulence-associated 

genes as well as aadA1 (100%), blaTEM (59.4%), aadB (18.75%), and sul1 (28.1%) antibiotic resistance 

genes. In conclusion, virulent paratyphoid Salmonella spp. are circulating in the Egyptian flocks, causing 

economic losses. Additionally, they became resistant to the most commonly used field antibiotics. Therefore, 

regular molecular surveillance studies on the circulating Salmonella spp. and their resistance to the used 

antibiotics are of significant importance.  

Keywords: Antibiotic resistance genes, Chicken, Paratyphoid Salmonella, PCR, Serology, Virulence 
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INTRODUCTION   
 

The poultry industry has grown dramatically around the world accounting for approximately 45% of global trade (Mottet 

and Tempio, 2017). This industry is considered as a significant source of animal protein for the Egyptians. Paratyphoid 

salmonellosis is one of the most important bacterial diseases affecting poultry and regarded a major source of food-

borne infection in humans (Menghistu et al., 2011; Abd El-Ghany, 2020). Foodborne diseases are frequently associated 

with the consumption of animal-derived foods, primarily poultry products such as eggs and undercooked chicken (Castro-

Vargas et al., 2020). These diseases have negative economic impacts on poultry industry as a result of the costs of 

investigation, surveillance, prevention, and treatment (Kuria, 2023). Salmonella spp. are rod-shape Gram-negative 

bacteria belonging to family Enterobacteriaceae and are known to infect many hosts (Xu et al., 2020).  

Despite the European Union in 2006 prohibited using of some antibiotics as growth promotors feed additives, few 

countries are still using them (Gyles, 2008; Diab et al., 2019). Besides, many other antimicrobials are used haphazardly 

to control Salmonella infections either in poultry field or for human infection (Xu et al., 2020). As a result of indiscriminate 

use of these antibiotics, the emergence of multiple drug-resistant (MDR) Salmonella serotypes have significantly risen 

(Ammar et al., 2019). Salmonella spp. have developed resistance to a wide range of antimicrobials (Azizpour, 2018). The 

mechanisms by which the bacteria can acquire antibiotic resistance are variable and it can occur via mutations or 

horizontal transfer of resistance genes (Kapoor et al., 2017). However, MDR Salmonella spp. can be transmitted from 

poultry to humans through the food chain or via the direct contact (Firoozeh et al., 2012). The main threats affecting 
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humans after exposure to these antibiotic-resistant bacteria are inability to treat patients successfully, along with the high 

risk of transmission of such resistant bacteria (Roca et al., 2015). Thus, the existence of antibiotic resistance Salmonella 

strains has become a serious global issue. In addition, presence of both antimicrobial resistance-associated genes as well 

as virulence associated genes in Salmonella strains are important indicators of pathogenicity degree (Capuano et al., 

2013; Lamas et al., 2016). Among Salmonella spp., there are many virulence and antibiotic associated resistance genes 

that have been detected molecularly using polymerase chain reaction (PCR) assays. For instance, the virulence 

associated genes including invA, sopB, stn, and pef are used for genetic characterization of Salmonella strains (Badr et 

al., 2021; Elshebrawy et al., 2021; Ghetas et al., 2021; Hassan et al., 2021). Moreover, the antibiotic resistance genes 

such as aadA1 (streptomycin), aadB (gentamicin), sul1 (sulphonamides), and blaTEM (β lactams) have been detected in 

many isolates of Salmonella spp. (Ammar et al., 2019; Alam et al., 2020; Herrera-Sánchez et al., 2020).  

Therefore, the aims of this study were characterization of paratyphoid Salmonella spp. in chicken flocks of some 

Egyptian governorates, demonstration of the antibiotic sensitivity of the isolated Salmonella spp., and detection of some 

virulence genes and antibiotic resistance genes using molecular techniques. 

 

MATERIALS AND METHODS 

 

Sampling 

From November 2020 to April 2021, a total of 238 samples were collected from 52 broiler, layer, and breeder 

chickens’ flocks in El-Mansoura, El-Sharqia, El-Qalyubia, El-Beheira, El-Minya, El-Fayoum, El-Gharbeya, Damietta, and Giza 

Egyptian governorates (Table 1). Samples were taken from diseased chicks showing whitish diarrhea, pasty vent, and 

omphalitis, dead-in-shell embryos, and breeders with low fertility and hatchability. The post-mortem lesions of both freshly 

dead and scarified diseased chickens were un-absorbed yolk sac, congested liver and spleen, typhlitis, and misshapen or 

discolored ova. Tissue samples were collected under aseptic conditions from liver (79), yolk sac (81), cecum (6), heart 

(18), spleen (20), ovary (3), gallbladders (3), and organs of dead-in-shell embryos (28), and then rapidly transferred in ice 

box to the laboratory for further processing.  

 

Ethical regulations 

The study design and methodology were approved by the Institutional Animal Care and Use Committee (IACUC), 

Faculty of Veterinary Medicine, Cairo University, Egypt, with an approval number (01122022543).  

 

Isolation and identification 

Isolation and identification of Salmonella spp. were done according to ISO 6579:2002 guidelines. The collected 

samples were inoculated in buffered peptone water and incubated at 37°C for 18-20 hr. Then, 1 ml of pre-enriched broth 

was transferred into tubes containing 10 ml of Selenite F broth and incubated at 37±1°C for 24 hr. A loopful from each 

broth culture was inoculated onto selective plating medium such as xylose lysine deoxycholate agar (XLD), brilliant green 

agar (BGA), and MacConkey agar media, incubated at 37°C for 24 hr, and then checked for the of growth of typical 

Salmonella colonies. Suspected colonies were stained with Gram’s and examined microscopically (Quinn et al., 2011). 

The biochemical identification of suspected Salmonella colonies was performed according to ISO 6579:2002 guidelines 

using triple sugar iron agar (TSI), indole, methyl red, vogues proskauer (VP), citrate utilization, urea hydrolysis, and H2S 

production tests. The serological identification of Salmonella was carried out according to Kauffman-White Scheme 

(Kauffman, 1974). Both somatic (O) and flagellar (H) antigens (DENKA SEIKEN Co., Japan) were demonstrated using 

polyvalent and monovalent O antisera according to a slide agglutination test and H antisera according to a tube 

agglutination test. 

 

The antimicrobial susceptibility test 

The antimicrobial susceptibility test of the isolated Salmonella strains was done using disc diffusion method, 

according to the guidelines stipulated by National Committee for Clinical Laboratory Standards (NCCLS, 2020). The used 

antibiotic discs (Oxoid Limited, Basingstoke, Hampshire, UK) were ciprofloxacin (CP) (5µg), tetracycline (T) (30µg),  

ampicillin (AM) (10µg), cefotaxime (CF) (30µg), meropenem (M) (10µg), nalidixic acid (NA) (30µg), colistin (CO) (25µg), 

streptomycin (S) (10µg), levofloxacin (5µg), kanamycin (K) (30µg), clindamycin (CL) (10µg), amikacin (AK) (30µg), 

gentamicin (G) (10µg), and  sulphamethoxazole (25µg). The tested strains were evaluated as susceptible, intermediate, 

and resistant by measuring the inhibitory zones. Moreover, the multiple antibiotic resistance (MAR) index for each 

Salmonella strain was determined (Singh et al., 2010) as follow; 

MAR index= Number of antibiotics to which an isolate was resistant / total number of the tested antibiotics. 

Each strain was classified as MDR if it exhibited resistance to three or more antimicrobial classes. Besides, the 

strain was considered to be resistant if it expressed MAR index > 0.2 (Shehata et al., 2019). 

 

Molecular detection of Salmonella spp. virulence-associated and antibiotic resistance genes  

The detection of 16S rRNA of Salmonella isolates genes were carried out using uniplex PCR (Borges et al., 2017). 

The primers sequences are listed in Table 2, and the cycling conditions of primers during PCR are shown in Table 3. The 
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PCR reactions were adjusted in 25 µL reaction mixture containing 5 µL of DNA template, 12.5 µL of 2x PCR master mix, 

1.25 µL each of forward and reverse primers (10 pmol/µL), and 5 µL nuclease free water. The PCR products were run 

through 1.5% agarose gel electrophoresis and a 100 bp DNA ladder was used as a size marker.  

The multiplex PCR was used for testing the presence of both virulence associated genes and antibiotic resistance 

genes in the isolated Salmonella spp. The tested virulence associated genes were invA, sopB, stn, and pef, while the 

antibiotic resistance genes were aadA1 (streptomycin), aadB (gentamicin), sul1 (sulphonamides), and blaTEM (β 

lactams). The primers sequences of virulence associated genes and the antibiotic resistance genes are presented in 

Tables 4 and 5, respectively.  

 

RESULTS 

 

Suspected Salmonella isolates appeared as small, non-lactose fermenter, colorless, and transparent colonies on 

MacConkey agar plates. However, isolates appeared as pink colonies with black centers on XLD and pinkish white or red 

colonies surrounded by a red halo on BGA agar. Gram staining revealed presence of Gram-negative, medium size, and 

rod-shaped bacilli under the microscope. The isolates fermented glucose, but did not ferment lactose and sucrose on TSI 

slants, and appeared as red slant with yellow butt, with or without H2S production. Moreover, they were negative for 

indole, VP, and urea hydrolysis, whereas positive for methyl red and citrate utilization. 

The conventional bacteriological characterization revealed that the isolation rates of Salmonellae were (49/79; 

62%), (47/81; 58%), (10/18; 55.5%), (9/20; 45%), (2/6; 33.3%), (2/3; 66.7%), and (15/82; 53.6%) from liver, yolk sac, 

heart, spleen, caecum, ovaries, and dead-in-shell embryos, respectively. However, no isolation (0/3; 0%) was obtained 

from gallbladder (Table 6). The total isolation rate was 134/238 (56.3%). The number of the total strains of Salmonella 

was 32/238 (13.44%). Moreover, positive Salmonella isolates were detected in 49 out of 76 in broilers, 4 out of 10 in 

layers, and 2 out of 3 in breeder chicken flocks. 

By using polyvalent and monovalent O and H antiserum, the slide and tube agglutination tests confirmed that the 

tested Salmonella isolates (n= 32) belonged to 11 paratyphoid Salmonella serovars. Table 7 shows the types and 

percentages of the isolated Salmonella serovars. A total of 11 serovars of paratyphoid Salmonella were identified as S. 

enteritidis (7, 21.9%), S. kentucky (5, 15.6%), S. typhimurium (4, 12.5%), S. molade (4, 12.5%), S. takoradi (3, 9.4%), S. 

wingrove (2, 6.3%), S. infantis (2, 6.3%), S. tsevie (2, 6.3%), S. shangani (1, 3.1%), S. bargny (1, 3.1%), and S. papuana (1, 

3.1%).  

Paratyphoid Salmonella serovars isolated from the liver (n= 49) were S. enteritidis (12), S. typhimurium (6), S. 

kentucky (8), S. takoradi (7), S. molade (4), S. wingrove (3) , S. bargny (3) , S. shangani (1), S. infantis (2), and S. tsevie (3), 

while those isolated from the yolk sac (n= 47) were S. enteritidis (9), S. typhimurium (4), S. kentucky (9), S. takoradi (6), S. 

molade (7), S. wingrove (2), S. bargny(3), S. shangani (1), S. infantis (2), and S. tsevie (4). Moreover, strains of the heart 

(n= 10) were S. enteritidis (2), S. typhimurium (3), S. wingrove (1), S. shangani (1), S. molade (2), and S. infantis (1), but 

those of spleen (n= 9) were S. enteritidis (1), S. typhimurium (5), S. kentucky (1), S. papuana (1), and S. wingrove (1). 

Caecal serovars (n= 2) were S. takoradi (2), while ovarian serovars (n= 2) were S. enteritidis (1) and S. molade (1). 

Regarding serovars of the dead-in-shell embryos (n= 15), they were S. kentucky (3), S. takoradi (6), S. molade (3), and S. 

bargny (3).  

Regarding the distribution of Salmonella serovars in the surveyed Egyptian governorates, the highest isolation rates 

were from El-Dakhlia, El-Sharqia, Damietta and El-Qalubia, followed by El-Fayoum, El-Minya, Giza, and El-Beheira. 

Nevertheless, there was no isolation from El-Gharbeya. The data in Table 8 reveals detection of S. enteritidis from El-

Qalubia, El-Dakhlia, El-Beheira, El-Minya, El-Fayoum, and Damietta governorates, while S. typhimurium was found in El-

Dakhlia, El-Fayoum, El- Sharkqia, and Giza. Moreover, S. kentucky was isolated from El-Dakhlia, El-Minya, and Damietta 

and S. molade from El-Beheira, El-Fayoum, and Damietta. S. takoradi was isolated from El-Dakhlia, El- Sharqia, and 

Damietta, though S. wingrove was demonstrated in El-Dakhlia and El-Qalubia. Both S. shangani and S. bargny were 

detected in El-Dakhlia, then S. tsevie was isolated from El-Dakhlia and El-Sharqia. S. infantis was demonstrated in El-

Fayoum and El- Sharqia, whereas S. Papuana was found in El-Qalubia 

As shown in Table 9, all strains of Salmonella were completely resistant to streptomycin 100% (32/32), followed by 

clindamycin 93.8% (30/32), nalidixic acid 75% (24/32), amikacin 65.6% (21/32), tetracycline 50% (16/32), cefotaxime 

43.7% (14/32),, kanamycin 34.4% (11/32), sulphamethoxazole 28.1% (9/32), ampicillin 18.8% (6/32), ciprofloxacin 

12.5% (4/32), and colistin 12.5% (4/32). However, almost all  strains of Salmonella were susceptible to meropenem 

96.9% (31/32), followed by levofloxacin 90.6% (29/32), gentamicin 87.5% (28/32), colistin 84.4% (27/32), ciprofloxacin 

81.3% (26/32), ampicillin 68.8% (22/32), sulphamethoxazole 71.9% (23/32), kanamycin 59.3% (19/32), and 

cefotaxime 56.3% (18/32).  

Additionally, a total of 24 out of 32 Salmonella strains were resistant to 3 or more of the tested antimicrobials with 

an average MAR index 0.350. Surprisingly, out of the tested (n= 14) antimicrobials, two strains of S. enteritidis were 

resistant to 14, one strain of S. kentucky was resistant to 13 antimicrobials, and one strain of S. typhimurium was 

resistant to 10 antimicrobials. 

The results of uniplex PCR confirmed that the amplification of 16S rRNA gene of all Salmonella isolates generated a 

product of approximate molecular size of 550 base pair (bp) (Figure 1). Concerning the virulence genes, the amplified 
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products for invA, sopB, stn, and pef genes were 284, 517, 617, and 700 bp, respectively, while those of the antibiotic 

resistance genes aadA1, aadB, sul1, and blaTEM were 629, 300, 591, and 608 bp, respectively. 

All Salmonella strains (n= 32) were screened by multiplex PCR for identification of the virulence associated genes 

(invA, stn, sopB, and pef) and the antibiotic resistance genes (aadA1, aadB, sul1, and blaTEM). The results indicated that 

invA, sopB, and stn genes were harbored by 100%, 40.6%, and 65.6% of Salmonella strains, respectively, while none of 

them had pef gene (Table 10 and Figure 2). Further, all strains (100%) harbored aadA1 associated with streptomycin 

resistance, but 59.4%, 18.75%, and 6.3% of strains possessed blaTEM (ampicillin), aadB (gentamicin), and sul1 

(sulphamethoxazole) resistance genes, respectively (Table 11 and Figures 3-5). 

 

Table 1 - The source and number of the samples examined for detection of Salmonella 

Governorates 
Chickens Dead-in-shell 

embryonic organs 
No. of samples No. of flocks 

Broiler Layer Breeder 

A 39 6 3 28 145 28 

B 18 2 0 0 49 14 

C 19 2 0 0 44 10 

Total 76 10 3 28 238 52 

A= El-Mansoura, El-Gharbeya, El-Beheira & Damietta; B= El-Qalyubia, El-Sharqia & Giza; C= El-Minya & El-Fayoum 

 

 

 

Table 2 - Primer sequences for detection of 16S rRNA gene of Salmonellae 

Target gene Primer Sequence  Gene Reference 

16S rRNA  
GCA ACG CGA AGA ACC TTA CC (Forward) 

16S rRNA  Gopinath et al. (1998) 
GGT TAC CTT GTT ACG ACT T (Reverse) 

 

 

 

Table 3 - Cycling conditions of the used primers during PCR 

Gene 
Primary 

Denaturation 

Secondary 

Denaturation 
Annealing Extension 

No. of 

Cycles 

Final 

Extension 

16S rRNA gene and other 

genes 

90°C for 5 

min. 

90°C for 1 

min. 

52°C for 1 

min. 

72°C for 1 

min. 
39 

72°C for 7 

min. 

 

 

 

Table 4 - Primers sequences of virulence associated genes of Salmonella serovars 

Target gene Primer sequence Virulence factor Reference 

invA 
GTGAA ATT ATC GCC ACG TTC GGG CAA (Forward) 

Salmonella species/SPI-1 Oliveira et al. (2003) 
TCAT CGC ACC GTC AAA GGA ACC (Reverse) 

stn 
TTG TGT CGC TAT CAC TGG CAA CC (Forward) 

Enterotoxin/Chromosome Murugkar et al. (2003) 
ATT CGT AAC CCG CTC TCG TCC (Reverse)  

sopB 
TCA GAA GRC GTC TAA CCA CTC (Forward) 

Translocated effector protein/SPI-5 Huehn et al. (2010) 
TAC CGT CCT CAT GCA CAC TC (Reverse) 

pef 
TGT TTC CGG GCT TGT GCT (Forward) 

Plasmid encoded fimbriae/Plasmid Murugkar et al. (2003) 
CAG GGC ATT TGC TGA TTC C (Reverse) 
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Table 5 -  Primers sequences of antiiotic resistance genes of Salmonella serovars 

The antibiotic Target gene Primer sequence Reference 

Streptomycin aadA1 
CTC CGC AGT GGA TGG CGG (Forward) 

Chuanchuen and 

Padungtod (2009) 

GAT CTG CGC GCG AGG CCA (Reverse)    

Gentamicin aadB 
CTAGCTGCGGCAGATGAGC (Forward) 

CTCAGCCGCCTCTGGGCA (Reverse)  

Sulfamethoxazole sul1 
CGGACGCGAGGCCTGTATC (Forward) 

GGGTGCGGACGTAGTCAGC  (Reverse) 

Ampicillin blaTEM 
ATCAGTTGGGTGCACGAGTG (Forward) 

ACGCTCACCGGCTCCAGA (Reverse) 

 

 

Table 6 - The number and percentage of the positive Salmonella samples 

 Group Liver Yolk sac Cecum Heart Spleen Gallbladder Ovary 
Dead-in-shell 

embryos 
Total 

 No. % No. % No. % No. % No. % No. % No. % No. % No. % 

 A 26/47 55.3 26/51 50.9 2/5 40 1/1 100 3/10 30 0 0 2/3 66.6 15/28 53.6 75/145 51.7 

 B 12/16 75 10/14 71.4 0/1 0 5/9 55.5 5/6 83.3 0/3 0 0 0 0 0 32/49 56.3 

 C 11/16 68.8 11/16 68.8 0 0 4/8 50 1/4 25 0 0 0 0 0 0 27/44 61.4 

 Total 49/79 62 47/81 58 2/6 33.3 10/18 55.5 9/20 45 0/3 0 2/3 66.7 15/28 53.6 134/238 56.3 

A= El-Mansoura, El-Gharbeya, El-Beheira & Damietta; B= El-Qalyubia, El-Sharqia & Giza; C= El-Minya & El-Fayoum 

 

 

Table 7 -  The types and percentages of the isolated Salmonella serovars 

Identified strains Number % 
Antigenic structure 

Group O H 

S. enteritidis 7 21.9 D1 1,9,12 g,m 

S. kentucky 5 15.6 C3 8,20 i : Z6 

S. typhimurium 4 12.5 B 1,4,5,12 i : 1,2 

S. molade 4 12.5 C2 8,20 Z10 : Z6 

S. takoradi 3 9.4 C2 8,20 i : 1,5 

S. wingrove 2 6.3 C2 6,8 c : 1,2 

S. infantis 2 6.3 C1 6,7 r : 1,5 

S. tsevie 2 6.3 B 4,5 i : e,n,z15 

S. shangani 1 3.1 E1 3,10 d : 1,5 

S. bargny 1 3.1 C3 8,20 i : 1,5 

S. papuana 1 3.1 C1 6,7 r : e,n,Z15 

 

 

Table 8 - Types of Salmonella serovars isolated from the Egyptian governorates 

Salmonella serovar 
Frequency of each isolate 

Governorate 
No. % 

S. enteritidis 7 21.9 El-Qalubia, El-Dakhlia, El-Beheira, El-Minya, El-Fayoum, & Damietta 

S. kentucky 5 15.6 El-Dakhlia, El-Minya, & Damietta 

S. typhimurium 4 12.5 El-Dakhlia, E-Fayoum, El-Sharqia, & Giza 

S. molade 4 12.5 El-Beheira, El-Fayoum, & Damietta 

S. takoradi 3 9.4 El-Dakhlia, El-Sharqia, & Damietta 

S. wingrove 2 6.3 El-Dakhlia and El-Qalubia. 

S. infantis 2 6.3 El-Fayoum & El-Sharqia. 

S. tsevie 2 6.3 El-Dakhlia & El-Sharqia 

S. shangani 1 3.1 El-Dakhlia 

S. bargny 1 3.1 El-Dakhlia 

S. papuana 1 3.1 El-Qalubia 
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Table 9 - The antimicrobial susceptibility test of the isolated Salmonella strains 

Salmonella 

serovars 
No. 

Antibiotic resistance 

S CL NA AK T CF K SXT AM CP CO G L M 

S. enteritidis 7 100 100 85.7 85.7 71.4 57.1 42.9 42.9 28.5 28.5 28.5 14.3 4.3 4.3 

S. kentucky 5 100 80 80 60 60 60 60 40 40 20 20 20 20 0 

S.typhimurm 4 100 100 75 50 50 25 50 25 25 0 25 0 0 0 

S. molade 4 100 100 75 75 50 50 25 25 25 25 0 0 0 0 

S. takoradi 3 100 100 66.6 66.6 33.3 33.3 33.3 33.3 0 0 0 0 0 0 

S. wingrove 2 100 100 100 50 50 50 50 50 0 0 0 0 0 0 

S. infantis 2 100 100 50 50 50 50 0 0 0 0 0 0 0 0 

S. tsevie 2 100 50 50 50 50 50 0 0 0 0 0 0 0 0 

S. shangani 1 100 100 100 100 0 0 0 0 0 0 0 0 0 0 

S. bargny 1 100 100 100 100 0 0 0 0 0 0 0 0 0 0 

S. papuana 1 100 100 0 0 0 0 0 0 0 0 0 0 0 0 

Total 32 32 30 24 21 16 14 11 9 6 5 4 2 2 0 

Resistant % 100 93.8 75 65.6 50 43.7 34.4 28.1 18.8 12.5 12.5 6.3 6.3 3.1 

Intermediate % 0 3.1 9.4 9.4 6.3 0 6.3 3.1 12.5 6.3 3.1 6.3 3.1 0 

Susceptible % 0 3.1 15.6 25 43.7 56.3 59.3 68.8 68.8 78.1 81.3 87.5 90.6 96.9 

S: Streptomycin; CL: Clindamycin; NA: Nalidixic acid; AK: Amikacin; T: Tetracycline; CF: Cefotaxim; K: Kanamycin; SXT: Sulphamethoxazol; AM: Ampicillin; CP: Ciprofloxacin; 

CO: Colistin; G: Gentamicin; L: Levofloxacin; M: Meropenem 
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Table 10 - Percentages of virulence-associated genes of Salmonella serovars 

                                    Virulence genes 

Salmonella serovar 
No. 

16S rRNA invA stn sopB pef 

No. % No. % No. % No. % No. % 

S. enteritidis 7 7 100 7 100 6 85.7 5 71.5 0 0 

S. kentucky 5 5 100 5 100 4 80 2 40 0 0 

S. typhimurm 4 4 100 4 100 4 100 1 25 0 0 

S. molade 4 4 100 4 100 1 25 0 0 0 0 

S. takoradi 3 3 100 3 100 1 33.3 1 33.3 0 0 

S. wingrove 2 2 100 2 100 2 100 2 100 0 0 

S. infantis 2 2 100 2 100 1 50 1 50 0 0 

S. tsevie 2 2 100 2 100 1 50 1 50 0 0 

S. shangani 1 1 100 1 100 1 100 0 0 0 0 

S. bargny 1 1 100 1 100 0 0 0 0 0 0 

S. papuana 1 1 100 1 100 0 0 0 0 0 0 

Total 32 32 100 32 100 21 65.6 13 40.6 0 0 

 
 

 

Table 11 - Percentages of antibiotic associated genes of Salmonella serovars 

Salmonella serovar No. 

The tested antibiotic resistance genes 

aadA1 sul1 blaTEM aadB 

No. % No. % No. % No. % 

S. enteritidis 7 7 100 3 42.8 3 42.8 0 0 

S. kentucky 5 5 100 2 40 3 60 2 40 

S. typhimurm 4 4 100 1 25 2 50 0 0 

S. molade 4 4 100 1 25 2 50 1 25 

S. takoradi 3 3 100 1 33.3 1 33.3 1 33.3 

S. wingrove 2 2 100 1 33.3 2 100 0 0 

S. infantis 2 2 100 0 0 2 100 1 50 

S. tsevie 2 2 100 0 0 1 50 1 50 

S. shangani 1 1 100 0 0 1 100 0 0 

S. bargny 1 1 100 0 0 1 100 0 0 

S. papuana 1 1 100 0 0 1 100 0 0 

Total 32 32 100 9 28.1 19 59.4 6 18.75 

 

 

 
Figure 1 - Agarose gel electrophoresis for amplified samples, where Lanes 1, 2, 3, 4, 7, 8, and 9 represent the positive 

Salmonella strains, Lane 5: Positive control showing 550 bp for the amplified 16S rRNA gene, Lane M: 100-bp DNA 

Marker and Lane 6: Negative control 
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Figure 2 - Multiplex PCR products of Salmonella virulence genes. Lane 1: Positive control, Lanes 2, 5, 6, 7, and 8 showing 

amplicons of 284 bp, 517 bp, and 671 bp of invA, sopB and stn genes respectively, Lanes 3 and 4 showing amplicons of 

284 bp of invA gene and Lane M: 100-bp DNA marker  

 

 
Figure 3 - Agarose gel electrophoresis for PCR products of antibiotic resistance gene (streptomycin) of Salmonella 

showing amplicon of 629 bp of aadA1 gene. Lane 1: Negative Control, Lane M: 100-bp DNA marker, and Lane 2: Positive 

control 

 

 
Figure 4 - Agarose gel electrophoresis for PCR products of antibiotic resistance gene (sulfamethoxazole) of Salmonella 

showing amplicon of 591 bp of sul1 gene. Lane M: 100-bp DNA marker, Lane 3: Positive control and Lane 4: Negative 

Control 
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Figure 5 - Multiplex PCR products of antibiotic resistance genes (ampicillin and gentamicin) of Salmonella showing 

amplicon of 608 bp of blaTEM gene and 300bp of aadB gene, respectively. Lane 1: Negative Control, Lane M: 100-bp DNA 

marker and Lane 2: Positive control. 

 

 

DISCUSSION 

 

Paratyphoid salmonellosis is a prevalent foodborne disease which has a global economic and public health concern (Aziz 

et al., 2018). Therefore, this study characterized paratyphoid Salmonella spp. in chicken flocks of some Egyptian 

governorates. Our results indicated that S. enteritidis was the most prevalent serovar (21.8%), followed by S. kentucky 

(15.6%) and S. typhimurium (12.5 %). These results are in agreement with the findings of Elsayed et al. (2019) who 

detected S. enteritidis (38.8%), S. kentucky (23.3%), and S. typhimurium (23.3%). Further, Elshebrawy et al. (2021) 

detected similar observation. Many reports indicated that S. enteritidis is one of the predominant circulating serovars in 

poultry flocks, as it has been isolated in rates of 58.33% (Rabie et al., 2012), 55.6% (Moussa et al., 2010), and 37.25% 

(Abd El-Ghany et al., 2012). Additionally, S. typhimurium is another most frequently reported and prevalent serovar 

worldwide (WHO, 2006). The study of Ammar et al. (2016) indicated that the isolation rates of S. typhimurium and S. 

enteritidis were 52.94% and 11.76%, respectively (Ammar et al., 2016) and 86.6% and 9%, respectively (El-Sharkawy et 

al., 2017). Regarding the low isolation rates of S. tsevie (6.3%) and S. papuana (3.1%) in this study, nearly similar results 

were obtained by Al-baqir et al. (2019) and Abd El-Tawab et al. (2015) who reported that the isolation rate of S. tsevie was 

(2%) and S. papuana was 2.3%, respectively. Other serovars of Salmonella such as S. wingrove (6.3%) and S. shangani 

(3.1%) were detected here, which may be due to improper biosecurity measures within farms and the possibility of 

disease transmission via various reservoirs and farm workers (Elshebrawy et al., 2021).  

The highest isolation rate of Salmonella serovars was from the liver (62%), rather than the other tissues examined. 

The previous reports of Menghistu et al. (2011), Abdel-Aziz (2016), Al-baqir et al. (2019), and Saleem et al. (2022) 

mentioned similar finding. It is important to note that the high detection of Salmonella in the liver live may indicate the 

potential of the pathogen to cause a systemic infection.  

It has been noticed that the highest isolation of Salmonella serovars was from El-Dakhlia, El-Sharqia Damietta, and 

El-Qalubia followed by El-Fayoum, El-Minya, Giza, and El-Beheira governorate. These results are in accordance with the fact 

that the highest percentages of chicken farms allocated in El-Dakhlia, El-Sharqia, Damietta and El-Qalubia rather than 

other Egyptian governorates. 

The development of MDR Salmonella strains has emerged as a major public health concern around the world 

(Marshall and Levy, 2011). This resistance poses a direct threat to human health when treatment is hindered without a 

complete course and when there are interactions with both animals and humans pathogens (Frye and Jackson, 2013).  

Concerning the antimicrobial susceptibility test, the results of the current study indicated that all of the isolated 

Salmonellae strains were resistant to streptomycin (100%), which may be due to the misuse of this antibiotic in the 

poultry field. However, other studies reported that 100% (Habrun et al., 2012) or 89.7% (El-Sharkawy et al., 2017) of 

isolates were sensitive to streptomycin. 

On the other side site, 96.9% of the isolated Salmonella strains were susceptible to meropenem. The same result 

was obtained by Abou Elez et al. (2021). Furthermore, Elshebrawy et al. (2021) detected a low resistance rate (7.6%) of 

Salmonella enterica serovars against meropenem. It has been reported that carbapenems could be used in the treatment 
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of salmonellosis in MDR cases (Calayag et al., 2017). The low resistance rate against meropenem could be attributed to 

the underuse of carbapenems in veterinary medicine particularly for chicken infections. 

Here, the resistance of the isolates to ciprofloxacin was 15.6%, which agrees with that of Donado-Godoy et al. 

(2012) (15%). In comparison, the resistance to ciprofloxacin was 50% (Abdel Rahman et al., 2014), 35% (Al-baqir et al., 

2019), 33% (Badr et al., 2021), or 27.8% (Elshebrawy et al., 2021). As well, the resistance to ampicillin was 18.8%, which 

was much less than Diab et al. (2019) (68.2%), Ghetas et al. (2021) (78.5%), Alam et al. (2020) (82.85%), Nabil and 

Yonis, (2019) (94.1%), and Raji et al. (2021) (100%). Further, 50% of the isolated Salmonellae showed resistance to 

tetracycline, which nearly agreed, but lower than those stated by Raji et al. (2021) (75%) and Ibrahim et al. (2021) (62%). 

The maximum resistance to tetracycline (97.14%) was reported by Alam et al. (2020).  

Despite conventional cultural methods offer the advantage of being able to detect live cells and evaluate large 

numbers of samples, they are time-consuming and laboring (Maciorowski et al., 2006; Margot et al., 2013). On the other 

hand, molecular techniques such as PCR are rapid, specific, and sensitive, and could replace traditional detection 

methods (Siddique et al., 2009; Ibrahim et al., 2014). Moreover, multiplex PCR platform provides a greater detection 

efficiency, allows simultaneous detection of several diseases at the same time, and saves both money and time (Lee et 

al., 2014; Li et al., 2020). 

In the current study, the amplification of 16S rRNA gene of all Salmonella isolates gave a unique specific product at 

550 bp. Also, the amplified products of the virulence genes (invA, sopB, stn, and pef) were 284, 517, 617, and 700 bp, 

respectively. The invA protein is an inner membrane component of the Salmonella pathogenicity island 1 type 3 secretion 

system (Shah et al., 2011). The invA gene allows bacteria to invade the host cells (Cha et al., 2013). This gene is only 

found in Salmonella spp. and is therefore a valuable diagnostic tool for genetic identification (O'Regan et al., 2008). 

Several studies have noted a high frequency of invA virulence gene in Salmonella serovars (Karmi, 2013). All examined 

Salmonella serovars (100%) contained invA gene. Many other studies agreed with ours (Shabnam and Kwai, 2010; 

Campioni et al., 2012; Samanta et al., 2014; Radwan et al., 2016; Amini et al., 2018; Hassan et al., 2018; ElSheikh et al., 

2019; Ramatla et al., 2020;  Elshebrawy et al., 2021).  

The Salmonella enterotoxin (stn) gene encodes the Stn protein which causes gastroenteritis and regulates the 

integrity of bacterial cell membranes (Huehn et al., 2010). This gene was found in 65.6% of the strains in this study, which 

is similar to Elshebrawy et al. (2021) (65.8%). Other researchers have also noted high rates of stn gene (Zou et al., 2012; 

Osman et al., 2014; Ammar et al., 2019; Sabry et al., 2020; Hassan et al., 2021).  

Fimbriae are essential for Salmonella pathogenicity, as they facilitate the attachment of the pathogen to epithelial 

cells. The pef gene encodes pef fimbria (Murugkar et al., 2003; Ammar et al., 2016). The examined isolates in the present 

study had no pef gene, which is similar to the results reported by Elkenany et al. (2019), Elhariri et al. (2020), and Hassan 

et al. (2021). Also, a low frequency of the pef gene was detected by Ahmed et al. (2016) (6.7%) and Ghetas et al. (2021) 

(21%). This could be explained by the fact that bacteria use other fimbriae to attach to the host cells. However, in other 

studies, various findings were noted; for example, Awad et al. (2020) identified pef gene in 54.8% of the isolates and 

highlighted the role of fimbriae in the infection.  

By triggering secretory pathways, promoting inflammation or changing ion balances within cells, the sopB gene 

contributes to the development of diarrhea (Ahmed et al. 2016). The prevalence of the sopB gene is 40.6% which is lower 

than Awad et al. (2020) (87.1%), Mohamed et al. (2021) (91.3%), and Badr et al. (2021) (100%). 

The amplified products of the antibiotic resistance genes (aadA1, aadB, sul1, and blaTEM) were 629, 300, 591, and 

608 bp, respectively. In this study, we observed that the phenotypical resistance to ampicillin is 18.8%, but 59.4% of the 

isolates tested positive for the blaTEM gene by PCR, a gene encoding for resistance to β-lactams. This assumes that some 

antimicrobial resistance genes in some bacteria are inactive or “silent” in-vitro. However, these silent genes can spread to 

other bacteria or can become active in-vivo under antimicrobial pressure (Ma et al., 2007). In contrast, El-Sharkawy et al. 

(2017) found that all isolated strains of S. enteritidis were ampicillin-susceptible and blaTEM negative, suggesting that 

these strains had a different ampicillin resistance mechanism. In a previous work, according to Aslam et al. (2012), the 

blaTEM gene was present in 17% of Salmonella spp. isolated from retail meats in Canada and was the most frequently 

found resistance gene. According to Lu et al. (2011), 81.2 % of the 108 S. indiana isolates tested positive for the blaTEM 

gene. Ammar et al. (2019) noticed the blaTEM gene in 100% of the isolates. The genes blaPSE-1 and blaTEM, which 

encode β-lactamases conferring resistance to ampicillin, were found in 69.4% of the strains, according to a report by 

Herrera-Sánchez et al. (2020). In the present study, we found out that all isolates of Salmonella were completely resistant 

to streptomycin and the gene for streptomycin resistance, aadA1 was found in all the isolated strains. This rate is higher 

than those reported by Chuanchuen and Padungtod, (2009), who detected the resistance gene aadA1 in (17%), Doosti et 

al. (2017) (45.6%), Alam et al. (2020) (77.1%), and Herrera-Sánchez et al. (2020) (87.8%).  

6.3% of the isolated Salmonella strains were resistant to gentamycin, however the aadB gene that confers 

resistance to gentamycin was found in 18.75% of the isolated strains, as the gene was silenced. In contrast, the aadB 

gene was not found in any of the strains in the study conducted by Herrera-Sánchez et al. (2020).  

A percentage of 28.1 of the isolated strains were phenotypically resistant to sulphamethoxazole and 28.1% of 

isolates being positive for sul1 which confer sulphamethoxazole resistance. This result is lower than those reported by 

Adesiji et al. (2014) (100%), Mohamed and Suelam (2010) (97.3%), Aziz et al. (2018) (83.3%), and El-Sharkawy et al. 

(2017) (57%). 



406 
Citation: Nassar YM, Abd El-Ghany WA, Ibrahim AK, and Hamouda AS (2023). Paratyphoid Salmonella serovars in chickens: molecular detection of virulence and 

antimicrobial resistance genes. Online J. Anim. Feed Res., 13(5): 396-409. DOI: https://dx.doi.org/10.51227/ojafr.2023.56 

CONCLUSION 

 

Paratyphoid Salmonella spp. found in poultry flocks at high rates pose a zoonotic danger. Additionally, MDR Salmonella 

serovars with a diverse range of virulence genes have been detected in the existed Salmonella spp. These results indicate 

the importance of the constant surveillance of antibiotic resistant Salmonella strains, the use of alternatives instead of 

antimicrobials in poultry, and adoption of strong public health and food safety protocols to reduce the human health risk 

associated with salmonellosis. 
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ABSTRACT: Neosporosis is internationally documented as one of the most popular diseases in cattle that 

cause economic losses due to high levels of abortion cases. Although Neospora caninum has been recently 

classified as a new species, it is still sharing many features with Toxoplasma gondii. This study aimed to 

detect and Imaging N. caninum in the blood of aborted cows, and prevalence study of N. caninum infection 

based on age, region and month. Blood samples from 106 aborted cows were collected using the appropriate 

method. First, these samples were examined microscopically via blood smears using Giemsa dye to diagnose 

the N. caninum within RBC. A qPCR technique was carried out to detect accurately 18S rRNA gene accurately.  

The results revealed that 65% of total aborted cases were positive for 18S rRNA detection of N. caninum, 

although this parasite was found microscopically in 15% of blood smear samples. According to PCR results, 

the prevalence study showed that the highest rate of infection was signed in the Al-Qassim district (75%) 

followed by the Al-Mahaweel district (74%) and decreased in Western Hamza district (48%). According to 

study months, November recorded the peak of infection (88%), then August (71%), whereas July recorded the 

lowest percentage (50%). The statistical analysis revealed there was no significant difference between the 

subjected regions and study months based on (P<0.05). On the other hand, it was found that cows less than 

3 years old were more susceptible to infection than those over 3 years old. the results revealed that 71% of 

infected cows were less than 3 years old, while 29% were at age over 3 years old with a significant difference  

(P<0.005). In conclusion, N. caninum can be detected through blood within RBC. Age and regional factors in 

cows play an important role in resisting infection with this pathogen.  

Keywords: Cow, Neosporosis, N. caninum, Prevalence, 18S rRNA 
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INTRODUCTION   
 

Neosporosis is a parasitic disease caused by N. caninum. It is recognised as an intracellular protozoan parasite of 

livestock distributed worldwide. In cattle, it is considered one of the main causes of abortion (Wei et al., 2022). 

Neosporosis has been related to epizootic and sporadic abortion in dairy herds worldwide. Since the discovery of 

Neosporosis, some studies have been conducted to assess the prevalence and to identify factors related to the disease, 

Prevalence's has been estimated in ranges between 16.8% and 70% (Waldner et al., 2004). In intermediate hosts, 

tachyzoites and tissue cysts are the infective stages (Mahajan et al., 2019). It has been reported in many countries with 

different prevalence rates since the disease was recognized in 1988 (Noori et al., 2019). 

Morphology for parasite tachyzoites are ovoid, crescent or spherical in shape according to the phase of division and 

measures 3-7 × 1-5 μm in size (Speer et al., 1999), bradyzoites are slightly longer, slenderer than the tachyzoites, 

measuring 8.1 × 2 μm. parasite, capable of forming tissue cysts containing up to 100 parasites and Oocysts almost 

rounded measuring about 11.7 × 11.3 μm in diameter, surrounded by a smooth, colorless, 0.6-0.8 μm thick wall (Lindsay 

et al., 1999). Definitive hosts (dog, coyote, dingo) shed unsporulated oocysts in their feces, which sporulate within several 

days to become infectious to the intermediate host such as cow, sheep, goats or deer, water buffaloes, horse, etc. when 

they consume foods or water contaminated by them (Lindsay and Dubey, 2020; Venturoso et al., 2021). García et al. 

(2015) found that many cases of abortion in both dairy and beef cattle were caused by N. caninum.  Cattle get infected 

due to feeding mostly on mixed, drinking from rivers, and existing in contact with other animals at the same farm. As 

observed in many reports, the second way to spread the infection is by consuming parasite oocysts or eggs contaminated 

food or water or grazing on contaminated pastures (Claude et al., 2017). In addition, the transmission of infection could 

be transplanted during pregnancy to the fetus from the infected mother (Jiménez-Pelayo, et al., 2019). Previous specific 
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studies showed that the higher anti-N. caninum antibodies were found in cattle living on farms with dogs in comparison 

with those without dogs, suggesting the active involvement of dogs in the transmission of parasites to cattle (Gharekhani 

et al., 2020). The release of oocysts of N. caninum through dog faces could contaminate the food and water which 

become the source of infection (Ahmed et al., 2021). Billions of dollars were lost annually as reported in New Zealand and 

the US by the infection of Neosporosis, due to loss of fetus, milk yield, gaining weight, and time for rebreeding (Reichel et 

al., 2013).  

The aim of our study is to detect N. caninum in the blood of aborted cows using the PCR technique and to study the 

prevalence of this infection in the Babylon province. Furthermore, the presence of N. caninum in red blood cells was also 

observed. 

 

MATERIALS AND METHODS 

 

Collection and examination processes for 106 blood samples of aborted cattle were carried out from different ages and 

regions of the Babylon province: (Al. Qassime, Al-Hilla, and Mahaweel Districts) as well as different periods from July 2022 

to January 2023. The blood samples were collected especially from aborted cows, and 3 ml of venous blood (jugular vein) 

was taken in a 5 ml EDTA tube (AMEER et al., 2019).  

 

Microscopic examination 

Direct microscopic examination was performed to diagnose this parasite and to study the morphology of it. A small 

drop of blood was applied to the slide approximately 20 mm from one end. A spreader of another slide was placed on the 

blood drop at an angle of 20-30° and drawn back to another end to blood smear. After air drying, the sample was fixed 

with methyl alcohol for a minute and then stained with Giemsa stain for a minute again, wishing and drying were carried 

on after that, the samples were ready for microscopic examination (Fraser et al., 2010)  

 

Molecular detection   

Genomic DNA extraction from 400 µl blood was done using manufacturer instructions (QIA GENE KIT). The 

concentration of DNA was measured using a Nanodrop device at an absorbance of (260 /280) nm. PCR technique was 

performed on the collected samples, all PCR samples were prepared following the manufacturer protocol (1µl of 10 pmol 

forward and reverse primers, 8 µl genomic DNA, 12.5 Mastermix, and complete volume to 25 µl of nuclease-free water. 

Primers for 18S rRNA were self-designed with a predicted size (236 bp) to be used in this stage based on the NCBI 

database of Genbank: MT860359. The foreword primer sequence (NeoF) was (gtgtacggcgaagggactc), while the reverse 

primer sequence (NeoR) was (gccaagacatccattgctga). PCR programs were set according to the annealing temperature of 

each primer (94 ᵒC for 5 minutes, for 40 cycles of 94 ᵒC for 30 seconds, 50  ᵒC for 25 seconds, 72 ᵒC for 45 seconds, and 

a final extension at 72 ᵒC for 8 minutes, with a final hold at 4 ᵒC (THERMO-CYCLER; FISHER, GERMANY). A 1.5% agarose 

gel electrophoresis was prepared for checking PCR products using 1X Tris-Borate- EDTA (TBE buffer), and then the 

components were dissolved into 1 L of distilled H2O. They were run for 60 min/ 80 volts (Hube et al., 2005). DNA bands 

were compared with a 1500 bp DNA ladder to confirm the specific size of the 18S rRNA gene for the subjected parasite. 

Imaging was carried out using a UV Trans-illuminator for DNA detection. 

 

Ethical regulation 

It was obtained from the Faculty Scientific Committee (College of Veterinary Medicine, Al-Muthanna University, Iraq) 

numbered 202205 – Naer Abdulbari Madlool Alkaabawi. 

 

RESULTS  

 

Direct microscopic examination 

All the collected blood samples of aborted cows were examined by direct smear method; it appeared that 15% of 

blood samples were suspected Neospora at the tachyzoite stage. These tachyzoites were ovoid and crescent in shape 

according to the phase of division and measurements of size (3-7 × 1-5 μm) using an ocular micrometer lance as shown 

in (Figure 1). 

 

Detection of 18S rRNA of N. caninum  

According to the results of the microscopic examination, all samples were run on PCR for 18S rRNA detection of N. 

caninum with PCR product size (236 bp). The results show that 65% of the total samples are infected with N. caninum 

(Figure 2). 

Prevalence of N. caninum infection in aborted cows based geographical areas using PCR is at the highest rate in Al-

Qassim and Al-Mahaweel districts which are 75% and 74%, respectively. Al-Hilla District records 63%. The lowest rate is in 

Western Hamza district which archives 48%. The statistical analysis (P>0.05) reveals that there is no significant 

difference (P=0.154) in the prevalence of parasites among geographical areas. These statistics are similar with no 

significant difference (P=0.239) to the prevalence of N. caninum infection according to the time of infection, although the 
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infection rate was at the highest level during November (88%) (Figure 3). On the other hand, it is found that the N. 

caninum parasite is detected in (71%) of aborted cows aged 1-3 years group. Meanwhile, a ratio of 29% is identified in the 

aborted cows at age over 3 years group. This refers to a significant difference between these two groups based on 

statistical analysis at P<0.05 that recorded P<0.005.  

 

 
Figure 1 - Shows different stages of infection with Neospora caninum parasite inside the red blood cells at (40x) after 

dying by Giemsa stain. (A and B) pictures refer to tachyzoite phase, while (C) refers to heavy infection with N. caninum in 

red blood cells (40x) 

 

 

 

 
Figure 2 - A) It shows the PCR amplification results of the 18s rRNA gene of N. caninum isolated from aborted cow. The 

agarose gel picture shows the PCR product bands with a molecular weight of 236 bp. (M) refers to (3 Kbp) DNA ladder; 1) 

positive control; 2) Negative control. (1-9) PCR results of blood samples. B) shows the infection ratio with N. caninum over 

106 samples. 

 

 

 

 
Figure 3 - Refers to the prevalence of N. caninum infection according to the region and the time of infection. It is clear to see that 

the highest ratio of infection is in Al-Qassim district, which records (75%) while November is the critical time of infection (88%).   
 

A B C 
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DISCUSSION 

 

Neospora caninum is the main cause of neosporosis as a polysystemic disease that is an obligated intracellular parasite 

that belongs to the phylum Apicomplexa (Dubey and Schares, 2011). Neosporosis was misdiagnosed as toxoplasmosis 

due to sharing several morphological and biological features that are closely related to Toxoplasma gondii (Dubey et al., 

2017). In 1984 was the first recognition of N. caninum in Norwegian dogs (Bjerkas et al., 1984), then a significant 

classification was done to consider it as a separate species from Toxoplasma gondii since 1988 (Dubey et al., 1988; 

Seltmann et al., 2020). 

Among diagnostic techniques, the PCR is more sensitive and specific than other tests and less likely to be affected 

by autolysis or postmortem changes. In addition, it can be applied for the identification of N. caninum DNA in blood, 

semen, brain, spinal cord, different fetal fluids, embryonic tissues, and even oocysts in the faeces of the final host (Kamali 

et al., 2014).  

The prevalence of N. caninum infections was at a high rate within 1-3 year’s old group which was 71%, while the 

lower rate of infection was at the age over 3 years old group, which was 29%. The statistical analysis using the T-test 

parameter showed that there was a significant difference between age groups (P<0.05). Furthermore, the results of the 

present study showed that the lowest per cent was in the age group years old which may be due to the fact that cows in 

this age ( >3 years) have good resistance and immunity against N.caninum. These results agreed with Noori et al., (2019), 

who discussed that the vertical transmission of N. caninum might be the reason for increasing the infection in cows under 

3 years old more than those increasing over 3 years based on his seroprevalence study. However, the results of Metwally 

et al. (2023) revealed that those aged (3-5) years old were more exposed to the infection with seropositive version, due to 

horizontal transmission. Moreover, the results of Razmi et al. (2006) and Mallah et al. (2012) also disagreed with the 

present data, when they announced that there is no significant difference between age groups (P>0.05).  The age effect 

might be influenced by management practices such as replacement rate, and the cattle may be exposed to horizontal 

transmission, or by selective culling of seropositive animals (Bartels et al., 2006).    

On the other hand, the results of this study revealed that the prevalence of  N. caninum infection based on the time 

recorded that the highest rate of infection was in November (88 %) followed by 72% in August, while the lower prevalence 

was in  July which was 50% (figure 3). The statistical analysis reveals no significant difference at (P>0.05) in aborted cows 

among studied months (figure 3). Distribution of N. caninum infection takes place all year round, the peak of infection 

was observed in Nov. with a percentage of 88%, this result was in agreement with (Ibrahim et al. 2012) who found the 

peak of Neospora infection in autumn and winter California. However, this result was in disagreement with Pitel et al. 

(2001) in France, who found the peak of Neospora infection in March-June. These differences in infection may be due to 

seasonal differences in parasite exposure and/or oocyst survival by providing suitable environmental conditions 

(temperature and humidity) Because of its close relationship with T. gondii it is assumed that the environmental 

resistance of N. caninum oocysts is similar to T. gondii oocysts that the degree of suitable temperatures for sporulation of 

oocysts was ranged between (22-30) C˚ (Dubey, 2007). 

 
CONCLUSION  

 

Overall, despite, that there are many sources to isolate N. caninum from the infected body, blood is the main linker to 

spread the pathogens into other body organs, and apparently, it is the best source for early diagnosis of infection. We can 

also conclude that the age factor plays a crucial role in resisting the infection, especially over 3 years old cows. However, 

the region and time factors do not make any difference in spreading the infection of N. caninum in the Babylon province 

of Iraq. 

 

The prevalence of N. caninum infections was the highest in the Al-Qassim and Al-Mahaweel districts which were 75% 

and 74.07% respectively, while in the Al-Hilla District was 63.33% and the lowest rate was in Western Hamza district 

which was 48%. The statistical analysis reveals that there was no significant difference in the prevalence of parasites 

among geographical areas (P>0.05). Globally, several various studies were carried out to detect the prevalence of bovine 

N. caninum, using different diagnostic tests that revealed significant variation in their prevalence between countries, 

regions as well as between herds as Semango et al. (2019) discuss in their paper. The results of this study were higher 

than  those  reported  by  Al-Gharban  et  al. (2017)  that  were  (12.36%).  However,  it  was  nearly  close  to  the  findings  of 

Japa  et  al.  (2019),  they  found  the  diversity  of  N.  caninum  infection  rates  (16-50  %)  in  different  districts  of  Phayao 

province in Thailand using PCR for placental samples of beef cattle. This success in the detection of DNA was expected 

because the blood was confirmed to be a transport factor for Neospora tachyzoites between body tissues (Okeoma 

et  al.,  2004).  Neosporosis  has  a  wide  range  of  infection  rates  with  the  presence  of  contrast  between  the  study’s 

districts.  This finding might be attributed to the inequality of applied techniques and/or their cut-off  origin of 

evaluated herds and the probability of frequent exposure to sources of infection (Moura et al., 2011). As well as, 

the  increase  in  N.  caninum  prevalence  could  occur  because  discrepancy  of  animal  housing  or  poor  hygienic 

management, herds that are involved in a study, increasing exposure to definitive host or intermediate hosts, and the 

contact, directly or indirectly, to adjacent endemic areas (Celik et al., 2013; Llano et al., 2018).  
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