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Research Paper 
 

Availability, utilization practices and farmers' perception of phytogenic feed additives 

for chicken production in northwestern Amhara, Ethiopia 
 

Yegrem M, Animut G, and Mekuriaw Y. 
 

Online J. Anim. Feed Res., 15(4): 186-197, 2025; pii: S222877012500022-15 
DOI: https://dx.doi.org/10.51227/ojafr.2025.22  
 
Abstract 
The study was conducted to evaluate the availability, utilization 
practices, and farmers' perceptions of phytogenic feed additives for 
chicken production in Bahir Dar city and North Gojjam zone of Amhara 
region. The study included three areas (Bahir Dar city, North Achefer, 
and Bahir Dar Zuria districts), from which 320 respondents were selected 
from eight Kebeles. Data were collected from farm observations, 
individual interviews, and focus group discussions, supplemented by 
secondary information from agricultural offices records, and research 
publications. The study revealed a total of 1625.6 Tropical Livestock 
Units (TLU) of chickens in the study areas, and the average chicken 
holding per household (HH) was 5.08 TLU. Phytogenics were used as 
chicken feed additives by farmers in urban, peri-urban, and rural areas, 
with utilization rates of 58.3, 56.3, and 52.5%, respectively. Phytogenic 
feed additives such as Neem (Azadirachta indica), Girawa (Vernonia amygdalina), and Nech shinkurt (Allium sativum) 
ranked 1st, 2nd, and 3rd in their availability and 1st, 3rd, and 2nd in their utilization practices, respectively. The large majority 
of urban and peri-urban chicken producers (70.9 and 73.8%, respectively) had awareness of phytogenic feed additive 
utilization practices for chicken production. Phytogenic feed additives support sustainable poultry production in Ethiopia by 
improving food security, public health, environmental sustainability and economic resilience. Their use supports with 
national development goals and key sustainable development goals (SDGs), including zero hunger, good health and well-
being and climate action. This finding suggests that phytogenic feed additives are readily available and utilized in the 
study area for chicken production at the farmer's level, albeit with no defined doses. Further research is needed to verify 
the effects of these phytogenic feed additives on chicken performance, and a nationwide assessment should be conducted 
to quantify their potential. 
Keywords: Farmer's awareness, Girawa plant, Neem, Phytogenic feed additives, Poultry nutrition. 
[Full text-PDF] [Scopus] [Crossref Metadata] [Export from ePrints] 

 

Research Paper 
 

Effect of dietary Spirulina platensis supplementation on growth, carcass composition, 

and haematological parameters of pabda (Ompok pabda) 
 

Akter T, Das M, Noman S, Islam R, and Bristy FS. 
 
Online J. Anim. Feed Res., 15(4): 198-209, 2025; pii: 
S222877012500023-15 
DOI: https://dx.doi.org/10.51227/ojafr.2025.23  
 
Abstract 
The study was conducted to find out the effects and optimum level of 
dietary Spirulina platensis (Spirulina) supplementation on growth and 
haematological parameters of pabda (Ompok pabda). Five experimental 
diets were prepared containing 33% protein. Different levels of Spirulina 
(0% as control or S0, S2.5%, S5%, S7.5% and S10%) were supplemented at 
the expense of fish meal (FM), respectively. Up to 10% of the total 

dietary protein (33%) in the control diet was replaced by Spirulina 
protein in the experimental diets. The feeding experiment was carried out in five treatments with three replications for 10 
weeks. The water quality parameters viz. ammonia, dissolve oxygen, pH, and temperature were within the suitable range 
for pabda culture. The best growth performance was observed in the fish fed with 10% Spirulina supplemented feed 
followed by 7.5%, 5% and 2.5% Spirulina supplemented diet (P ˂ 0.05). Maximum survival rate (98%) and 

hepatosomatic index (1.37) of pabda was also found in S10% Spirulina group. But the feed conversion ratio (FCR) was 
decreased significantly (P < 0.05) with the increasing level of Spirulina supplementation which indicated better feed 
utilization. In case of carcass composition of pabda, the highest percentage of crude protein and ash were observed in fish 
fed with 10% followed by 7.5%, 5%, 2.5% S. platensis supplemented diet (P ˂ 0.05). Likewise, haematological condition 

in fish fed with 10% Spirulina supplemented diet resulted better in this study. Therefore, it could be concluded that 
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dietary supplementation of 10% S. platensis protein with FM protein may significantly improve the growth and the 
haematological parameters of O. pabda. 
Keywords: Feed supplement, Fish meal, Growth, Haematology, Ompok pabda, Spirulina platensis. 
[Full text-PDF] [Scopus] [Crossref Metadata] [Export from ePrints] 

 

Research Paper 
 

Effect of temulawak (Curcuma xanthorrhiza) powder in reducing proteolysis in 

fermented total mixed ration with okara for ruminants 
 

Sujarnoko TUP, Lim MS, Budiono D, Sholeha NA, Alifian MD, Ujilestari T, and Sholikin MM.  
Online J. Anim. Feed Res., 15(4): 210-219, 2025; pii: S222877012500024-15 
DOI: https://dx.doi.org/10.51227/ojafr.2025.24   
 
Abstract 
High protein content in silage feed often triggered excessive proteolysis 
caused by proteases derived from both plants and spoilage bacteria, 
which reduced the nutritional quality for ruminants. Temulawak 
(Curcuma xanthorrhiza) is an herbal plant with antibacterial and 
antioxidant properties, which have been reported to reduce proteolysis in 
previous studies. This study aimed to evaluate the effects of temulawak 
powder (TP) as an anti-proteolysis additive in the fermentation of total 
mixed ration-based okara silage (TMRO-silage) and its impact on silage 
characteristics. Additionally, the study examined the effects of drying 
temperature on temulawak extract optimization. Temulawak was dried at 50, 65, and 80°C, followed by the measurement 
of phenol, flavonoid, and ferric reducing antioxidant power (FRAP) content. The TMRO-silage was composed of commercial 
feed and okaras (1:1 w/w), supplemented with 0-1% temulawak in increments of 0.25% (5 treatments and 4 
replications). Fermentation lasted for 14 days. Proximate and in vitro analyses (control vs. temulawak treatments) were 
conducted to assess silage quality. Drying temulawak at 65°C significantly (P < 0.01) increased phenol (16.9 µg quercetin 
equivalent, QE), flavonoid (23.3 µg QE), and FRAP (30.1 µg QE) content per dry weight. Temulawak supplementation 
significantly reduced ammonia levels and increased the crude protein content of TMRO-silage (P < 0.01). Moreover, it 
decreased ammonia concentration in the rumen (P < 0.01), improved dry matter and organic matter digestibility (P < 
0.05), and notably reduced methane production per total gas volume (P < 0.05). In conclusion, temulawak effectively 
preserves the quality of complete feed silage, enhances rumen metabolism, and mitigates methane emissions. 
Keywords: Antibacterial activity, Antioxidant properties, Fermentation, Proteolysis, Silage quality.  
[Full text-PDF] [Scopus] [Crossref Metadata] [Export from ePrints] 
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Evaluation of surface lipids of sheep wool following dietary inclusion of emulsified fatty 

acid complex 
 

Tkachuk V, Kyryliv B, Ohorodnyk N, and Motko N. 
Online J. Anim. Feed Res., 15(4): 220-227, 2025; pii: S222877012500025-15 
DOI: https://dx.doi.org/10.51227/ojafr.2025.25  
 
Abstract 
Fatty acids, particularly ω-3, ω-6, and ω-9 play vital roles in sheep 
nutrition, but their influence on the protective properties of wool grease 
remained unclear. This study assessed the effects of dietary 
supplementation with an emulsified fatty acid complex on both the 
qualitative and quantitative characteristics of wool surface lipids in adult 
Prekos ewes and their lambs. The experimental group received a water 
soluble emulsion containing linoleic, oleic, palmitic, arachidonic, stearic, 
and α linolenic acids incorporated into the basal diet. Wax content was 
determined via Soxhlet extraction, and sweat salts were measured by 
aqueous extraction. Lipid classes were separated by thin layer 
chromatography, and fatty acid profiles were quantified using gas liquid 
chromatography. Results indicate a significant increase in wax secretion 
in ewes (P < 0.01) and lambs (P < 0.05), along with a decrease in sweat 
pH among lambs (P < 0.05). In ewe wax, levels of lanosterol (P < 0.01) and esterified cholesterol (P < 0.05) were 
elevated; lamb wax exhibited increases in lanosterol (P < 0.05) and dehydrocholesterol (P < 0.05). Both ewes and lambs 
showed a reduction in polar lipid content (P < 0.05), suggesting diminished accumulation of oxidative products. Analysis of 
fatty acid composition in the ewe group revealed significant increases in cerotic (C26:0; P < 0.001), lauric (C12:0; 

P < 0.01), and oleic (C18:1; P < 0.01) acids. Therefore, dietary inclusion of an emulsified fatty acid complex enhances the 
protective properties of wool grease by modulating wax and fatty acid composition, with potential benefits for fiber 
integrity and resilience. 
Keywords: Emulsified fatty acids; Fleece lipids; Hexacosanoic acid; Sweat secretion; Wool wax. 
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Abstract 
The nutritional value of a feedstuff depends not only on its chemical 
composition but also on the capacity of rumenal microbes to colonize and 
degrade it. This study compared the in sacco degradation kinetics of four 
legume forages (Moringa oleifera, Leucaena leucocephala, Indigofera and 
Gliricidia sepium) using three rumen fistulated goats in a 4×3 completely 
randomized design (CRD). Seventy-two nylon bags (10 × 5 cm, 40–50 
μm pore size) containing 5 g of each forage (ground to 2 mm) were 
incubated for 4, 8, 12, 24, 48, or 72 hours (12 bags per time point). The 
study determined the soluble fraction (a), potentially degradable fraction 
(b), total degradable fraction (a+b), degradation rate constant of fraction b (c), lag time (Lt), degradation effectiveness 
(DE), and rumen undegradable protein (RUP). The results of CP degradation revealed no significant differences among 
forages in fractions a, b, or a + b, but fraction c, Lt, DE, and RUP differed significantly. The degradation rate (c, h⁻¹) of crude 

protein ranked as Moringa (0.17) > Leucaena (0.09) = Indigofera (0.09) > Gliricidia (0.03), while Lt was shortest for 
Moringa (3.60 h) and longest for Gliricidia (11.96 h). Moringa and Indigofera exhibited the highest DE and lowest RUP of all 
treatments. Similar trends were observed for crude fiber: Moringa showed the greatest DE (26.72% Lt) compared to 
Leucaena (18.76 h Lt). In conclusion, all four legumes were efficiently degraded in the goat rumen, through the rate and 
extent of degradation varied markedly among species, reflecting differences in their biochemical composition and structural 
carbohydrates.  
Keywords: Crude Fiber, Crude Protein, Degradation Characteristics, Goat, Legumes 
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Abstract 
The poultry farming world-wide face many challenges that adversely 
affects the production proficiency. Finding the optimal balance humans 
and the automation efficiency is crucial to obtain a maximum profit. 
Besides, improving of poultry welfare and production efficiencies 
necessitate some advanced modern technologies. The application of 
artificial intelligence (AI) and data-driven systems is regarded as an 
innovative solution to address many farm management problems. By the 
integration of AI, the industry has the opportunity to grow in terms of 
production quantity and poultry care quality with minimal added 
expense. Types of AI technology in poultry farms include machine 
learning techniques and robots. The machine learning technique 
decreases the need for big labeled data for training and helps in the 
transfer of knowledge, fast training, and better generalization on new tasks to enhance the performance parameters. This 
technique has different approaches such as Support Vector Machine, Single Shot MultiBox Detector, and Convolutional 
Neural Network that have a potential to reduce the labor and time and offer promising solutions for the rapid warning and 
accurate identification and differentiation of problems associated with poultry health. Moreover, innovative robots have 
been applied in poultry farms for monitoring, management, and environmental control as well as exploring of social 
dynamics. They are used in poultry farms for collections of eggs carcasses and eggs and transportation and slaughtering. 
Collectively, AI programs could be applied in poultry production for controlling environmental conditions, monitoring some 
behavioral conditions such as feeding, preventing some diseases, and correction of the hazardous usage of antibiotics 
with combating the increased incidence of antimicrobial resistance, and finally aiding in the rapid treatment. Therefore, 
this review highlights the types of AI models and their potential applications in poultry production. 
Keywords: Antimicrobial resistance, behavior, diseases, environment, machine learning technique, poultry, robots 
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Supporting Information 

ABSTRACT: The study was conducted to evaluate the availability, utilization practices, and farmers' 

perceptions of phytogenic feed additives for chicken production in Bahir Dar city and North Gojjam zone of 

Amhara region. The study included three areas (Bahir Dar city, North Achefer, and Bahir Dar Zuria districts), 

from which 320 respondents were selected from eight Kebeles. Data were collected from farm observations, 

individual interviews, and focus group discussions, supplemented by secondary information from agricultural 

offices records, and research publications. The study revealed a total of 1625.6 Tropical Livestock Units (TLU) 

of chickens in the study areas, and the average chicken holding per household (HH) was 5.08 TLU. 

Phytogenics were used as chicken feed additives by farmers in urban, peri-urban, and rural areas, with 

utilization rates of 58.3, 56.3, and 52.5%, respectively. Phytogenic feed additives such as Neem (Azadirachta 

indica), Girawa (Vernonia amygdalina), and Nech shinkurt (Allium sativum) ranked 1st, 2nd, and 3rd in their 

availability and 1st, 3rd, and 2nd in their utilization practices, respectively. The large majority of urban and peri-

urban chicken producers (70.9 and 73.8%, respectively) had awareness of phytogenic feed additive utilization 

practices for chicken production. Phytogenic feed additives support sustainable poultry production in Ethiopia 

by improving food security, public health, environmental sustainability and economic resilience. Their use 

supports with national development goals and key sustainable development goals (SDGs), including zero 

hunger, good health and well-being and climate action. This finding suggests that phytogenic feed additives 

are readily available and utilized in the study area for chicken production at the farmer's level, albeit with no 

defined doses. Further research is needed to verify the effects of these phytogenic feed additives on chicken 

performance, and a nationwide assessment should be conducted to quantify their potential. 

Keywords: Farmer's awareness, Girawa plant, Neem, Phytogenic feed additives, Poultry nutrition. 
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INTRODUCTION   
 

Feed accounts for the majority of chicken production costs. The steady increase in the cost of chicken feed ingredients 

and compounded formulated feed is reducing profits for chicken farmers (Thirumalaisamy et al., 2016). Numerous feed 

additives have been widely utilized to enhance chicken production and reduce the cost of feed. Due to their therapeutic 

benefits of antibiotics, these components are frequently used as additives in chicken diets (Mehdi et al., 2018). The 

improper use of antibiotics can lead to drug-resistant microorganisms and antibiotic residues in chicken products (Mesfin 

et al., 2024; Ali et al., 2025). Alternative phytogenic feed additives enhance several key processes in the chicken's body 

(Mandey et al., 2022). Therefore, it is essential to use phytogenic feed additives for improved and unhindered chicken 

production (Yitbarek, 2015). 

Phytogenic feed additives are gaining interest as alternatives to conventional antibiotics, probiotics, and prebiotics, 

due to low costs and high productive efficacy (Jachimowicz et al., 2022; Shehata et al., 2022), as consumers may accept 

their inclusion in chicken diets due to their natural origin (Abou-elkhair et al., 2018). Additionally, increasing the intestinal 

absorption surface enhances nutrient Apparent Ileal Digestibility (AID). This improved digestion promotes the 

development of broilers (Ravindran and Abdollahi, 2021). Overall, phytogenic feed additives could improve feed efficiency 

in chicken production (Aroche et al., 2018). In Ethiopia context, traditional medicinal plants continue to play a vital role in 

solving livestock health challenges, including those affecting chicken (Belayneh et al., 2012). Biological activity has been 

documented in extracts obtained from a variety of Ethiopian local plants, including antibacterial and anti-inflammatory 

properties (Ayalew et al., 2022). This evidence suggests that phytogenic feed additives offer a promising pathway toward 

sustainable poultry production in Ethiopia. Their integration into poultry systems can contribute to multiple dimensions of 

development enhancing food security, protecting public health, mitigating environmental impacts, and strengthening 

economic resilience. Accordingly, their use aligns with Ethiopia’s national development priorities and global commitments 

under the Sustainable Development Goals (SDGs), particularly SDG 2 (Zero Hunger), SDG 3 (Good Health and Well-being), 

and SDG 13 (Climate Action).  
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Numerous studies (Shawle et al., 2016; Asrat et al., 2018; Dolle, 2020) had focused on the effect of phytogenic feed 

additives on chicken production, egg quality, and growth promoters. However, researchers had not given attention to 

farmers' knowledge of phytogenic feed additive utilization practices and the availability of these additives.  

This study provides an opportunity to understand farmers' knowledge and preferences regarding phytogenic feed 

additives, which is crucial for developing research and strategies to improve their utilization practices and dissemination 

among farmers. It is hypothesized that farmers with greater knowledge of phytogenic feed additives for chicken 

production are more likely to prefer these additives, perceive their availability as higher, and engage in better utilization 

practices. The research findings will provide important baseline data for future studies with the following objective to 

assess farmers' knowledge of the preference, availability, and utilization practice of phytogenic feed additives for chicken 

production. 

 

MATERIALS AND METHODS 
 

Description of study areas  

The study was conducted in the urban, peri-urban, and rural study areas of Bahir Dar city and North Gojjam zone of 

the Amhara region. These study sites were purposefully selected based on chicken production potential; the information 

was obtained from the Bureau of Agricultural Offices and the CSA agricultural sample survey. Bahir Dar is the capital city 

of Amhara National Regional State, Ethiopia. It's located about 565 km north of Addis Ababa at 11° 38′ N latitude and 

37° 10′ E longitude. The elevation of the city is about 1801 meters above sea level, and it receives an average annual 

rainfall of 850 mm to 1250 mm, a minimum average daily temperature of 10°C, and a maximum of 32°C. Bahir Dar 

Zuria District (BDZD) is found in the north Gojjam Zone. The area is located about 564 km northwest of Addis Ababa. It is 

situated at an altitude ranging from 1700 to 2300 metres above sea level. Its extension is between 11°25′N and 

11°55′N latitude and 37°04′E-37°39′E longitude. The mean annual temperature is about 20ºC, with a maximum 

temperature slightly above 28.3ºC and a minimum of about 10.2ºC. The annual rainfall ranges from 800-1250 mm. North 

Achefer is found about a distance of 101 Km and 591 Km far from Bahir Dar and Addis Ababa respectively. Its 

geographical coordinates are 11° 41' 0" north latitude and 36° 57' 0" east longitude. The altitude of the district ranges 

from 1,500 to 2,500 m above mean sea level. North Achefer is bordered on the south by the south Achefer, on the west 

by the Central Gondar Zone, on the north by Lake Tana, on the east by Bahir Dar Zuria, and on the southeast by the Mecha 

district, and one part of the Abay River defines the district's eastern boundary, as indicated by the whole study area. 
 

Sampling method and sample size determination 

A multi-stage sampling procedure was used to collect data. Stage 1: Bahir Dar and North Gojjam zone were 

purposively selected based on their chicken production potential; Stage 2: Within these areas, three districts were 

included in the study: Bahir Dar city, North Achefer, and Bahir Dar Zuria. From these districts, three urban kebeles (two 

from Bahir Dar and one from North Achefer), two peri-urban kebeles from Bahir Dar, and three rural kebeles (two from 

Bahir Dar Zuria and one from North Achefer) were randomly selected. In the urban study areas, a list of chicken-producing 

households was obtained from the agricultural office. In the peri-urban and rural areas, development agents assisted in 

identifying households with 25 or more chickens. Finally, 40 households from each selected kebele were interviewed, 

resulting in a total of 320 households participating in the study. All household participants agreed to provide information 

and images for the study, and the individuals in the pictures consented to their inclusion in the published paper, with the 

understanding that these materials could be used by the researcher as needed. 
 

Data collection 

Respondents’ ranked major phytogenic feed additive sources for chickens based on their preferences and perceived 

effectiveness during utilization. A focus group discussion with community members in the study areas gathered 

information on utilization techniques and parts used for these additives. Additionally, semi-structured interviews were 

conducted with key informants including elders, long-time chicken farmers, and a veterinarian with experience in chicken 

farming to assess the availability and utilization practices of phytogenic feed additives. Both primary and secondary data 

were collected from various sources. 
 

Conversion factor of livestock population (TLU)  

Data on the livestock population in the sampled households were obtained from the interview of household heads 

during the survey. The number of livestock population was converted into tropical livestock unit (TLU) using the conversion 

factors of camel (1), cattle (0.7), sheep (0.1), goat (0.1), mules (0.7), horses (0.8), donkeys (0.5), and poultry (0.01) 

(Varvikko et al., 1993). 
 

Sampling procedure for phytogenic additives  

The questionnaires addressed farmers' perceptions of phytogenic feed additive utilization and availability. Following 

an assessment of available phytogenic feed additive resources, the top five additives were selected for chemical analysis. 

These major phytogenic feed additives were selected based on availability and farmer preferences. Samples of these 

additives were collected from the study areas to determine their chemical composition. 
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Proximate chemical analysis for selected phytogenic additive 

The identified top 5 phytogenic feed additives were selected based on rank results. The leaf part of neem, Girawa and 

Tiql Gomen; the bulb part of Nech shinkurt and the rhizome of Zingible were collected in Bahir Dar and around Bahir Dar. 

The samples were ground into powder by using a hammer mill to pass through a 1 mm screen for chemical analysis. The 

samples of phytogenic feed additives were sent to the Animal nutrition laboratory of Jimma University for chemical 

analysis. The DM content of feed samples was determined by drying them in an oven at 105oC overnight (AOAC, 2000). 

Ash was determined by the complete burning of the sample at 550oC for 5 hours in a muffle furnace. Nitrogen (N) was 

determined using the Kjeldjhal method and then the crude protein calculates as N× 6.25 (AOAC, 1995). Crude fiber 

contents were analyzed using (AOAC, 1990) method. Total phosphorus contents were determined by the Vanado-

Molybdate method (AOAC, 2000). The metabolizable energy (ME) was estimated according to the equation proposed by 

Wiseman (1987); ME (kcal/kg) = 3951 + 54.40 fat-88.70 ash. Nitrogen-free extract (NFE) was calculated by the 

difference between organic matter and the sum of ash, CF, EE, and CP. 

 

Survey data management and statistical analysis  

The collected data from the survey of urban, peri-urban and rural areas were entered into the Statistical Package for 

Social Sciences (SPSS version 27) software. The normality of the data was tested using the Kolmogorov-Smirnov Test. Chi-

square was employed for the association of such parameters between urban, peri-urban and rural. Descriptive statistics 

were used to analyze the mean values of the quantitative data frequencies and percentages values. Means of quantitative 

data between urban, peri-urban and rural study areas were compared by employing analysis of variance (ANOVA). Means 

were separated using the Tukey test at P<0.05 significant level. The statistical model was used: Yij=μ + αi + Σij 

Where: yij = is the response variable; μ = is the overall mean; αi = the effect of ith locations (urban, peri-urban and rural 

areas); Σij = random error 

Priority index was employed using the following formula (Kosgey, 2004).  

𝐼𝑛𝑑𝑒𝑥 =
Σ (n x No. of HHs ranked 1st) + (n − 1)x No. of HHs ranked 2nd ) + ⋯ +  1 x No. of HHs ranked last) for one factor 

Σ (n x No. of HHs ranked 1st + (n − 1)x No. of HHs ranked 2nd + ⋯ . +1x No. of HHs ranked last)for all factors
 

 

Where; n: value given for the least ranked level (example if the least rank is 5th rank n-1=4, n-2=3 and………n=1)  

 

RESULTS AND DISCUSSIONS 
 

Socioeconomic characteristics of the respondents 

Table 1 presents the characteristics of households in the study areas. Age had a significant effect (P < 0.05) on 

chicken farming in the study areas. The average ages of respondents were 31.25 years in urban areas, 37.63 years in 

peri-urban areas, and 43.33 years in rural areas. This indicates an active working force with the potential for a positive 

effect on livestock development. The average family size was 3.83 people per household in urban areas, 6.25 in peri-

urban areas, and 5.68 in rural areas, resulting in an overall average of 5.3 people per household. This result is comparable 

to Addis and Malede (2014), who reported an average family size of 5.7 in the Quara district. Significant differences (p < 

0.05) in family size were observed across the study areas, which might be attributed to variations in family planning 

programs between urban, peri-urban, and rural communities. The majority of respondents were female household heads: 

61.7% in urban areas, 67.7% in peri-urban areas, and 60% in rural areas. This suggests that women play a significant role 

in chicken production. There were significant differences (P < 0.05) in marital status across the study areas. 83.3% of 

households in rural areas, 77.5% in peri-urban areas, and 81.7% in urban areas had married household heads. 

Educational background also showed significant differences (P < 0.05) across the study areas. Illiterate households 

comprised 3.3% in urban areas, 42.5% in peri-urban areas, and 43.3% in rural areas. While 60% of urban households had 

a certificate or higher qualification, no households in peri-urban or rural areas held such credentials. This higher 

proportion of educated individuals in urban areas might contribute to the favorable acceptance of technologies like 

phytogenic feed additives and increased awareness about their use for improving chicken performance. 

 

Livestock holding and composition 

The average number of livestock held per household in the study area is shown in Table 2. The mean number of 

livestock per household in rural study areas was 4.13 heads of cattle, 0.61 heads of sheep, 0.12 heads of goats, 0.30 

heads of donkey, 0.10 heads of mule, and 0.28 heads of chicken. In the peri-urban study area, the mean number of 

livestock per household was 3.85 heads of cattle, 0.67 heads of sheep, 0.13 heads of goats, 0.78 heads of donkey, 0.12 

heads of mule, and 0.26 heads of chicken. However, livestock producers in urban study areas primarily raised cattle and 

chickens, with an average of 0.19 heads of cattle and 14.71 heads of chicken per household. In terms of Tropical 

Livestock Units (TLU), the average livestock ownership was 8.75, which differed significantly (P < 0.05) across study areas. 

However, urban study areas had a significantly higher average chicken keeping rate (14.71, P < 0.001) compared to peri-

urban (0.26) and rural areas (0.28). Chicken accounted for the largest portion of the total livestock number in the 

sampled households in urban areas. This is due to population growth, rising individual consumption, and the expansion of 

hotels, which have led to a higher demand for chicken meat and eggs in urban areas compared to peri-urban and rural 

study areas.  
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Table 1 - Demographic and socioeconomic characteristics of the sampled households. 

                                        Study areas 

Parameters 
Urban Peri-urban Rural X2 P-value 

Age of HH heads (years) 31.25 37.63 43.33 148.97 *** 

Family size of HH heads (No.) 3.83 6.25 5.68 125.9 *** 

Sex of HH heads 

(%) 

Male 38.3 32.5 45 
3.23 ns 

Female 61.7 67.5 55 

Marital status  

(%) 

Single 13.3 12.5 3.3 

26.8 *** 
Married 81.7 77.5 83.3 

Widow 5 10 5 

Divorced 0 0 8.3 

Educational level 

(%) 

Illiterate 3.3 42.5 43.3 

187.9 *** 

Elementary 26.7 21.3 29.2 

Secondary 3.3 17.5 19.2 

Preparatory 5 6.3 2.5 

Certificate and above 60 0 0 

Religious 1.7 12.5 5.8 

HH= household, ns = non-significant, sig= significant value, X2 =chi square, ***= significant at p< 0.001 

 

Table  2 - The mean of livestock composition per household in the study areas in terms of TLU. 

                                   Total livestock in TLU  

Livestock type  
Urban Peri-urban Rural 

 

P-value  SEM 
 

Cattle 0.19b 3.85a 4.13a 0.042 *** 

Goat - 0.13a 0.12a 0.004 ns 

Sheep - 0.67a 0.61a 0.011 ns 

Donkey - 0.78a 0.30b 0.010 *** 

Mule - 0.12a 0.10a 0.004 ns 

Chicken 14.71a 0.26b 0.28b 0.213 *** 

Total 14.9 5.81 5.54 - - 

SEM= standard error of mean, ns = non-significant, ***= significant at p< 0.001 

 

Type of additives and purpose of feeding for chickens  

Table 3 presents the types of feed additives used in the study areas. In urban areas, 59.2% of respondents reported 

using both antibiotics and phytogenic feed additives. A smaller proportion (5.6%) used only phytogenic feed additives, 

while 35.2% used only antibiotics. Additionally, 4.3% of respondents in urban areas reported using both phytogenic and 

antibiotic feed additives. In contrast, peri-urban and rural respondents primarily relied on phytogenic feed additives, with 

91.5% and 87.3% of respondents, respectively, using them. In peri-urban areas, 4.3% of respondents used only 

antibiotics, and 12.7% used both phytogenic and antibiotic feed additives in rural areas. The majority of respondents in 

urban areas (70.4%) used feed additives for improving chicken productivity, egg quality, growth, and health. In contrast, 

only 4.3% and 6.3% of peri-urban and rural respondents, respectively, reported using phytogenic feed additives for these 

purposes. Urban respondents were less likely to use feed additives for chicken treatments (9.3%) compared to peri-urban 

(95.7%) and rural (92.1%) respondents. A small percentage of urban respondents (7.4% and 3.7%, respectively) reported 

using feed additives for egg production and quality improvement. This was significantly lower than the 1.6% of rural 

respondents who used feed additives for this purpose. A significant proportion of respondents in all study areas reported 

never using phytogenic feed additives: 41.7% in urban areas, 43.8% in peri-urban areas, and 47.5% in rural areas. The 

primary reason cited for non-use was a lack of knowledge about phytogenic feed additives, their utilization practices, and 

their importance. Farmers primarily cultivate spices for human consumption and income, rather than for animal feed.  

 

Sources of chicken feed additives in study areas 

Figure 1 illustrates the sources of chicken feed additives in urban, peri-urban, and rural study areas. Backyard 

sources were the primary source of feed additives in peri-urban and rural areas, accounting for 22.2% and 72.2% of 

sources, respectively. In urban areas, both backyard and commercial sources were used, with 39.5% sourced from 

backyards and 36.3% from commercial suppliers. The high reliance on backyard sources in rural areas highlights the 

significant role of backyard cultivation of phytogenic feed additives within these communities. This reliance on backyard 

sources could be attributed to a decline in wild plant resources due to deforestation and lack of conservation, particularly 

for medicinal plants and herbs in the study area communities. This observation contradicts the findings of Regassa 

(2013) and Fenetahun et al. (2017), who reported that over 70% and 50% of medicinal plants, respectively, were 

collected from wild habitats.  
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Table  3 - Types and Purpose of feeding the feed additives in study areas. 

Type of feed additives supplementation 
Urban Peri-urban Rural X2 

N % N % N % 
 

Did you provide any feed additives for your 

chickens? 

Yes 108 90 47 58.8 63 52.5 43.17*** 

No 12 10 33 41.3 57 47.5   

Did you provide phytogenic feed additives for your 

chicken? 

Yes 70 58.3 45 56.3 63 52.5 0.84 ns 

No 50 41.7 35 43.8 57 47.5  

Antibiotics 38 35.2 2 4.3 - - 
 

Phytogenic feed additives 6 5.6 43 91.5 55 87.3 154.11*** 

Both phytogenic and antibiotics feed additives 64 59.3 2 4.3 8 12.7   

Purpose of offering feed additives for chicken 

Production improvement 8 7.4 - - - - 
 

Quality improvement 4 3.7 - - - -   

For treatment (medicine) 10 9.3 45 95.7 58 92.1 156*** 

For production, quality, growth, and treatment 76 70.4 2 4.3 4 6.3   

Production and quality improvement 8 7.4 - - 1 1.6   

Increase growth 2 1.9 - - - -   
N = frequency, X2 =chi square, ***=significant p< 0.001, **=p< 0.01 

 

 
Figure 1 - Different sources of chicken feed additives in the study areas. 

 

Availability of phytogenic feed additives in study areas 

Table 4 presents the major phytogenic feed additive resources available in the study areas.  The most dominant 

phytogenic additives, based on their availability, were Neem, Girawa, Nech Shinkurt, Tiql Gomen, Gomen, Berbere, 

Fenugreek, Zingible, Lomi, Tiqur Azimud, and Qariya. Other additives were available to a lesser extent. Except for Neem, 

Simiza, Girawa, and Damakasie, the other additives in urban study areas were purchased from the market. Their 

availability and affordability influenced their ranking. Neem was the top-ranked phytogenic feed additive source for 

chickens in urban and rural areas, and the 4th ranked source in peri-urban areas. It is available year-round in its green 

form.  Zingible, Girawa, Nech shinkurt, and Tiql Gomen were among the top-ranked phytogenic feed additives, ranking 2nd, 

3rd, 4th, and 5th in urban areas and 3rd, 1st, 2nd, and 5th  in peri-urban areas, respectively. Yetibs Qtel, Tsosign, and Sinafch 

were not available in peri-urban and rural study areas. Respondents used spices such as Abish, Tiqur azmud, Berbere, and 

Feto due to their longer shelf life and availability during the dry season. Processing techniques for preserving other 

perishable phytogenic feed additives were not widely adopted. Feto (Lepidium sativum) was highly valued in peri-urban 

and rural areas for its medicinal properties but was scarce due to its limited occurrence and distribution. Herbicide use in 

other crops has also contributed to its decline. 

 

Utilization practices and preferences of phytogenic feed additives for chickens 

Table 5 presents the most preferred phytogenic feed additives in the study areas, including Neem, Nech Shinkurt, 

Girawa, Tiql Gommen, Zingible, Simiza, Sinafich, Feto, and others. Farmers ranked these additives based on their 

perceived effectiveness in enhancing chicken production, product quality, and health, reflecting the criteria they prioritize 
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in their actual usage. Girawa ranked 1st in rural areas, 2nd in urban areas and 3rd in peri-urban areas. It was primarily used 

to treat chickens and improve egg quality. Neem was ranked 1st for egg production, quality improvement, and health care 

in urban and peri-urban areas and 2nd in rural areas.  Farmers primarily used neem to treat sick chickens. Garlic (Nech 

shinkurt) was ranked 3rd in urban areas, 2nd in peri-urban areas, and 3rd in rural areas. Overall, it was ranked 2nd in the 

production system and used for improving chicken performance. The preference for phytogenic feed additives is 

attributed to a combination of factors: They are readily available, low Cost and practical applicability 

 

Perception of farmers towards phytogenic feed additives 

The majority of respondents reported using phytogenic feed additives for their chickens (Table 6). Awareness of their 

use varied across study areas: 40% of respondents in urban areas, 60% in peri-urban areas, and 33.3% in rural areas were 

aware of their use as treatments. Notably, 21.7% of rural farmers recognized their use for preventing several chicken 

diseases. Respondents consistently highlighted the significant role of phytogenic feed additives in treating sick birds. This 

finding suggests that many farmers in peri-urban and rural areas utilize spices and medicinal plants to maintain their 

chickens' health. While awareness of using phytogenic additives for improving chicken product quality and production was 

lower, some respondents shared insights. Only 8.8% and 5% of respondents in peri-urban areas, and 2.5% and 1.7% in 

rural areas were aware of this application, respectively. However, these respondents provided anecdotal evidence: they 

observed that older chickens' eggshells softened, but feeding them neem leaves resulted in thicker eggshells and a more 

yellowish yolk. This suggests a potential connection to the carotenoid compounds and calcium content in neem leaves. In 

urban study areas, 19.17% and 6.67% of respondents used phytogenic feed additives to enhance chicken quality and 

production, respectively. Furthermore, 5% of respondents in urban areas expressed a favorable view of phytogenic feed 

additives as an alternative to antibiotics. However, a significant portion of respondents (29.2% in urban, 26.3% in peri-

urban and 40.8% in rural study areas) lacked awareness of the full benefits of phytogenic feed additives. This was 

particularly evident in peri-urban and rural areas, where almost all farmers lacked knowledge about using phytogenic feed 

additives to improve chicken product quality and production. 

 

Table 4 - The available phytogenic feed additive resources in the study areas. 

Phytogenic feed additives  Urban Peri-Urban Rural Overall 

Local name  Scientific name  Index Rank Index Rank Index Rank Index Rank 

Neem Azadirachta indica 0.0708 1 0.086 4 0.124 2 0.09 1 

Ginger   Zingiber officinale 0.069 2 0.087 3 0.049 11 0.056 9 

Girawa Vernonia amygdalina 0.068 3 0.11 1 0.135 1 0.088 2 

Nech shinkurt  Allium sativum 0.067 4 0.105 2 0.073 3 0.071 3 

Tiql gomen   Brassica oleracea 0.063 5 0.065 5 0.0547 10 0.0708 4 

Gomen   Brassica carinata 0.06 6 0.055 10 0.0657 7 0.0698 5 

Qariya  Capsicum annuum L  0.059 7 0.044 13 0.017 16 0.051 11 

Abish Trigenella foenum-graecum 0.057 8 0.026 16 0.004 20 0.062 8 

Berbere  Capsicum frutescens 0.0568 9 0.06 6 0.066 6 0.068 6 

Tiqur azimud Nigella sativa 0.056 10 0.049 12 0.056 8 0.0498 12 

Lomi  Citrus aurantiifolia 0.055 11 0.05 11 0.0697 4 0.0529 10 

Tena adam Ruta chalepensis 0.053 12 0.044 13 0.039 13 0.0496 13 

Tomato Lycopersicon esculentum 0.05 13 0.0566 9 0.0678 5 0.063 7 

Qey shinkurt Allium cepa 0.049 14 0.034 15 0.029 14 0.038 14 

Feto Lepidium sativum 0.043 15 0.059 7 0.047 12 0.028 15 

Simiza  Justicia schimperiana 0.041 16 0.012 17 0.0177 15 0.025 16 

Endod  Phytolacca dodecandra - - - - 0.009 18 0.014 19 

Tosign  Thymus schimperi 0.0275 17 - - - - 0.024 17 

Sinafich Sinapis alba 0.027 18 - - - - 0.015 18 

Yetbs Qtel Rosmarinus officinalis 0.025 19 - - - - 0.0069 20 

Damakase Ocimum urticifolium 0.0008 20 0.057 8 0.0555 9 0.0051 21 

Eret  Aloe adigratana - - - - 0.0045 19 0.0012 23 

Serkabeba Senna didymobotrya - - - - 0.0128 17 0.0017 22 

Nech bahir zaf Eucalyptus globulus - - - - 0.0033 21 0.0006 24 
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Table 5 - Utilization practice and preference of phytogenic feed additives ranked by respondents. 

Phytogenic feed additives  Urban Peri-urban Rural Overall 

Local name  Scientific name  Index Rank Index Rank Index Rank Index Rank 

Neem  Azadirachta indica 0.27 1 0.157 1 0.125 2 0.1 1 

Girawa  Vernonia amygdalina 0.16 2 0.142 3 0.130 1 0.086 3 

Nech shinkurt Allium sativum 0.14 3 0.148 2 0.100 3 0.0865 2 

Tiql Gomen   Brassica oleracea 0.13 4 0.117 4 0.057 8 0.08 4 

Zingible  Zingiber officinale 0.07 5 0.116 5 0.081 4 0.075 5 

Sinafich  Sinapis alba 0.06 6 - - - - 0.062 8 

Feto  Lepidium sativum 0.05 7 0.104 6 0.073 6 0.057 9 

Tiqur azmud Nigella sativa 0.045 8 0.025 11 0.043 11 0.042 11 

Qariya  Capsicum annuum L. 0.03 9 0.036 8 0.013 17 0.0386 14 

Berberie  Capsicum frutescens 0.016 10 0.035 9 0.019 15 0.0387 13 

Qey shinkurt  Allium cepa 0.015 11 0.009 13 0.032 13 0.072 6 

Tomato  Lycopersicon esculentum 0.01 12 0.01 12 0.020 14 0.041 12 

Simiza  Justicia schimperiana - - 0.088 7 0.066 7 0.066 7 

Damakase Ocimum urticifolium - - 0.026 10 0.011 18 0.052 10 

Nech Bahir zaf Eucalyptus globulus - - - - 0.014 16 0.017 17 

Endod  Phytolacca dodecandra - - - - 0.036 12 0.0168 18 

Serkabeba  Senna didymobotrya - - - - 0.075 5 0.033 15 

Tena adam Ruta chalepensis - - - - 0.050 10 0.024 16 

Eret  Aloe adigratana - - - - 0.055 9 0.014 19 

 

Table 6 - Farmers’ attitude and awareness of phytogenic feed additives  

 

Parameters 
Description of phytogenic feed additives importance for 

chicken  

Study areas 

X2 Urban (%) Peri-urban Rural 

N % N % N (%) 

Knowledge 

Awareness of product quality improvement  23 19.2 7 8.8 3 2.5 

85.47** 
Having an awareness of production improvement  8 6.7 4 5 2 1.7 

Aware that used as chicken treatments  48 40 48 60 40 33.3 

No aware of phytogenic feed additives  35 29.2 21 26.3 49 40.8 

Attitude  

Used as a good alternative to antibiotics  6 5 - - - - 

78.56** Aware that phytogenic additives can be used as a 

prevention 
- - - - 26 21.7 

N=frequency, X2= chi-square, **=significant at p<0.01  

 
Utilization techniques and parts used of phytogenic feed additives in study areas 

Farmers agreed on the utilization techniques and plant parts used for chickens during group discussions in each 

production system (Table 7). The most common technique involved crushing and chopping phytogenic additives into small 

pieces, soaking them in water, and providing this mixture as drinking water. This prevalent use of water likely relates to its 

ability to dissolve many active compounds. In rural areas, specific phytogenic plants are commonly used to treat 

Newcastle disease: Feto (Lepidium sativum), simiza, Eret, Nech bahir zaf, Girawa, and Nech shinkurt, often mixed with 

drinking water and Injera Fitfit. Crushing and chopping techniques are frequently employed to extract bioactive 

components from plant parts, providing an immediate response to diseases and aiding in recovery. Leaves are the most 

commonly used part, followed by seeds (Table 7). This aligns with previous research suggesting leaves are more widely 

used due to their greater availability and ease of processing, as well as their richness in secondary metabolites (Nigussie 

et al., 2018). However, this contrasts with Atagal (2015) study in Uganda, where roots were the most frequently used part. 

Similar findings were observed in other Ethiopian regions, where roots were the most commonly harvested plant part 

(Birhane et al., 2011; Mengistu et al., 2017).  
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Table 7 - List of phytogenic feed additives identified processing methods in the study areas  

Local 

name  

Plant scientific 

name  
Part used  

Method of 

processing 

Utilization techniques of  

phytogenic feed additives  

Role phytogenic 

additives for chicken 

in study areas   

Neem Azadirachta indica Leaf  
Chopped & 

crushed, as it is  

Crushed & Chopped neem leaf soaked with 

water then the juice mixed with Injera & 

other feed or hinging neem leaf in the 

chicken house for direct fed   

Disease treatment 

and prevention, egg 

yolk and shell 

improvement  

Nech 

shinkurt  
Allium sativum Bulb  

Crushed and 

chopped 

Added into chicken drinking water or mixed 

with Injera Fitfit or other feed 
Disease treatment 

Zingible Zingiber officinale Rhizome  
Crushed and 

chopped  
Added into chicken drinking water Disease treatment 

Girawa 
Vernonia 

amygdalina 
Leaf  

Crushed, rubbed 

& as it is  

Crushed & rubbed Girawa leaf by soaking 

with water then the juice mixed with injera 

& other feed 

Disease treatment 

Abish 
Trigenella foenum-

graecum 
Seed  

Grinded and 

crushed  

Mixed with other feed and added into 

drinking water  
Disease treatment 

Qariya  Fruit  Chopped, as it is   
Direct to fed or the chopped fruit soaked 

with water then added into drinking water  
Disease treatment 

Yetbs Qtel 
Rosmarinus 

officinalis 
Leaf  

Rubbed and as it 

is  

The rubbed leaf of Rosmarinus officinalis 

direct fed or mixed with other feed  
Disease treatment 

Feto  Lepidium sativum Seed  
Ground and 

crushed  

Ground and crushed Feto mixed with Injera 

Fitfit or added into drinking water  

Disease treatment & 

prevention  

Tena 

Adam 
Ruta chalepensis 

Leave and 

young stem 

Crushed, soaked, 

as it is  

Crushed part of Tena Adam added into 

drinking water  

Disease treatment & 

prevention 

Berberie  
Capsicum annuum 

L. 
Fruit pulp  Grinded  

Berbere powder mixed with oil and then 

added to other feed or chicken drinking 

water   

Disease treatment 

Gomen   Brassica carinata 
Leaf and 

seed 

Crushed, 

chopped and 

grinded 

The powder mixed with feed or water which 

was given to sick chicken and chopping leaf 

used as it is for chicken feed  

Disease treatment &  

egg yolk improvement 

Lomi Citrus aurantiifolia 
The liquid in 

the fruit  
Sliced   

Slicing then Squeezing it to produce juice 

and added it to chicken drinking water  
Disease treatment 

Tiql 

Gomen 
Brassica oleracea Leaf  

Chopped and 

chopped 

Chopping it and as it is to provide it for 

chicken   

Disease treatment &  

egg yolk improvement 

Senafch Sinapis alba Seed  
Crushed and 

grinding  

The powder mixed with feed or water which 

was given to sick chicken 
Disease treatment  

Damakase 
Ocimum 

urticifolium 
Leaf  Rubbed, soaked  

rubbed the leaf and add water to produce 

leaf juice then added to drinking water and 

mixed with Injera 

Disease treatment 

Simiza  
Justicia 

schimperiana 
Leaf  

Chopped & 

rubbed, soaked 

Chopped leaf and rubbed with water then 

added into drinking water or mixed with 

Injera Fitfit 

Disease treatment 

Nech bahir 

zaf 

Eucalyptus 

globulus 
Leaf  

Crushed, 

chopped & 

rubbed  

Processed leaf soaked with water then 

added to the chicken drinking water or leaf 

juice mixed with Injera Fitfit 

Disease treatment 

Endod  
Phytolacca 

dodecandra 
Leaf  Crushed  

The crushed leaf is soaked with water and 

then filter the leaf juice and added to the 

drinking water 

Disease treatment 

Serkabeba 
Senna 

didymobotrya 
Leaf  

Chopped & 

rubbed, soaked 

The chopped leaf rubbed with water then 

filter the leaf juice and added to the 

drinking water  

Disease treatment 

Eret   Aloe adigratana Leaf  
Chopped & 

crushed  

The jelly juice of Eret is added into drinking 

water or mixed with injera 
Disease treatment 
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Phytogenic feed additive processing techniques and feeding frequency  

The respondents employed diverse processing methods for phytogenic feed additives, as shown in Table 8. A 

significant difference (P < 0.05) in processing methods was observed between study areas. Crushing, chopping, soaking, 

and grinding were the most common preparation methods used. Crushing was the predominant method in urban areas 

(41.4%), next to peri-urban areas (48.9%). In rural areas, a combination of chopping and crushing was most common 

(34.9%). These findings align with Fenetahun et al. (2017) who, study that identified crushing (53.70%), squeezing 

(25.93%), chewing (16.67%), and cooking (3.70%) as the primary processing methods for remedies. The chopping 

method was used by 20% of respondents in urban areas, 35.6% in peri-urban areas, and 9.6% in rural areas. Soaking was 

employed by 14.3% in urban areas, 13.3% in peri-urban areas, and 12% in rural areas. While 10% of urban respondents 

used phytogenic feed additives without processing, only 2.2% in peri-urban and 1.6% in rural areas did the same. Grinding 

was used by 14.3% of urban respondents, but not by any respondents in peri-urban or rural areas. The frequency of 

phytogenic feed additive provision to chickens also varied significantly (P < 0.05) between study areas. The majority of 

respondents (80% and 68.3%) in peri-urban and rural areas, respectively, provided phytogenic feed additives when the 

chickens became sick. In urban areas, 28.6% of producers offered phytogenic feed additives once daily after providing a 

standard diet. Another 31.7% of rural producers provided phytogenic feed additives during disease outbreaks on 

neighboring farms to prevent disease. Only 5.7% of urban respondents provided phytogenic feed additives twice daily 

after provide standard diet. A small percentage of urban respondents (11.4%) provided phytogenic feed additives three 

times daily and 11.4% also provided them when the chickens became sick. 

 

Table 8 - Processing techniques and feeding frequency of phytogenic feed additives  

Phytogenic feed additives processing 

techniques 

Urban Peri-urban Rural 
X2 

N % N % N % 

Chopping 14 20.0 16 35.6 6 9.5 92.58*** 

Soaking  10 14.3 6 13.3 8 12   

As it is  7 10.0 1 2.2 1 1.6   

Griding  10 14.3 - - - -   

Crushing  29 41.4 22 48.9 16 25.4   

Chopped and rubbed  - - - - 8 12.7%   

Sliced and rubbed  - - - - 2 3.2%   

Chopped and crushed  - - - - 22 34.9%   

Providing frequency of phytogenic feed additives    

One time per day 20 28.6 - - - - 157*** 

Two times per day 4 5.7 - - - -   

Three times per day 8 11.4 - - - -   

Some times  12 17.1 - - - -   

Once a week 4 5.7 - - - -   

Three times a week  14 20.0 9 20 - -   

When chickens become sick 8 11.4 36 80 43 68.3   

Disease occurrences in neighbor farm  - - - - 20 31.7   
N = frequency, X2 =chi square, ***=significant at p < 0.001 

 
Utilization constraints of phytogenic feed additive  

Table 9 presents the constraints hindering the utilization practices of phytogenic feed additives. A significant 

difference (P < 0.05) in these constraints was observed across study areas. The most frequently reported constraint was a 

lack of knowledge about the importance of phytogenic feed additives, mentioned by 41.7% of respondents in urban 

areas, 50% in peri-urban areas, and 43.3% in rural areas. While development agents and other stakeholders have 

conducted awareness-raising activities about using leafy greens as sources of protein and vitamins, information about the 

use of spices and medicinal plants to improve chicken production and product quality remains limited. In urban areas, 

18.3% of respondents mentioned the high cost of certain spices as a challenge to their use as chicken feed additives. 
 

Chemical composition of major phytogenic feed additives 

Table 10 shows the chemical compositions of the top five ranked phytogenic feed additives. The current study found 

that Azadirachta indica contained 90.62% DM, 18.11% ash, 3.40% EE, 7.54% CF, 16.78% CP, 0.095 mg/g P, and 44.79% 

NFE. These values are lower than those reported by Bonsu et al. (2012) for CP, CF, EE, ash, moisture, and NFE, but higher 

for ash, CP, DM, and EE. The ash, DM, EE, and CF contents also differed from those reported by Ubua et al. (2019).  These 

variations in chemical composition likely stem from factors such as the type of Azadirachta indica tree, the age of the 

leaves, the location, the season of harvest, the soil type, and the processing method used. The ash content of Vernonia 

amygdalina in the current study (16.29%) was higher than the value reported by Asaolu et al. (2012) for bitter leaf 

(9.56%). Ash content is an indicator of mineral element presence. The protein content of Zingiber officinale in the current 

proximate analysis (9.68% CP) is comparable to (Dolle, 2020) findings, but higher than the values reported by Otunola et 

al. (2010) (8.54% CP) and Onimawo et al. (2019) (8.91% CP). 
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Table 9 - The major constraint of phytogenic feed additives utilization in the study areas 

Phytogenic feed additives processing 

techniques 

Urban Peri-urban Rural 
X2 

N % N % N % 

Lack of knowledge about the level of inclusion 26 21.7 28 35 36 30 44.39*** 

High prices of some types of spices additives 22 18.3 - - - -   

Lack of extension worker advice 22 18.3 12 15 32 26.7   

Lack of knowledge about the importance 50 41.7 40 50 52 43.3   

N = frequency, X2 =chi square, ***=significant at P < 0.001 

 

Table 10 - Chemical composition of the first five ranked phytogenic feed additives 

                           Phytogenic feed additives  

Parameters  

Azadirachta 

indica 

Allium 

sativum 

Brassica 

oleracea 

Vernonia 

amygdalina 

Zingiber 

officinale 

DM, % 90.62 90.78 87.3 93.28 89.87 

Ash, % 18.11 20.07 18.95 16.29 15.85 

EE, %  3.4 3.46 3.53 3.6 3.66 

CF, %  7.54 7.89 8.08 8.01 7.81 

CP, %  16.78 11.38 12.26 22.62 11.08 

P (mg/g)  0.095 0.079 0.081 0.096 0.088 

OM, %  81.89 79.93 81.05 83.71 84.15 

NFE, %  44.79 47.98 44.48 42.76 51.47 

ME (Kcal/kg DM)  2728.27 2620.53 2653.18 2771.72 2810.68 

DM: dry matter; EE: Ether extract; CF: crude fiber; CP: crude protein; P: phosphorus; OM: organic matter; NFE: nitrogen free extract; ME: 

Metabolizable energy. 

 

  

CONCLUSIONS  

 

The study found that chicken feed additives primarily come from backyard plants, wild plants, and commercial antibiotics. 

In peri-urban and rural areas, there is limited awareness of using phytogenic feed additives (plant-based additives) to 

improve chicken performance, rather than just for health benefits. The use of these additives is influenced by their 

potential to improve human food, generate income, or both. Farmers tend to select phytogenic additives based on their 

effectiveness in improving chicken health, production, and product quality. Based on farmers' rankings across different 

study areas, the top three most preferred phytogenic feed additives were Neem, Girawa, and Nech Shinkurt. Girawa 

emerged as the most consistently valued plant, ranking first in rural areas and among the top three in urban and peri-

urban settings. These plants were primarily selected for their perceived effectiveness in improving chicken health, and 

supporting overall poultry productivity. This approach aligns with key Sustainable Development Goals: SDG 2 (Zero 

Hunger) by contributing to improved poultry productivity and food security; SDG 3 (Good Health and Well-being) by offering 

natural alternatives to antibiotics, thereby reducing the risks associated with antibiotic resistance; and SDG 13 (Climate 

Action) by helping reduce environmental impacts such as ammonia (NH₃) gas emissions from chicken farms through the 

use of phytogenic feed additives. Key challenges for producers include a lack of knowledge about proper usage, limited 

guidance from extension workers, and the high cost of some spice additives. To improve the use of locally available 

medicinal plants, herbs, and spices, several recommendations were made: incorporating phytogenic feed additives into 

packaged forms at regional and national levels, such as by the Ministry of Agriculture; providing farmers with training on 

proper usage and educating them through agricultural officers and development agents; raising awareness about the 

potential of phytogenic feed additives to replace antibiotics; and conducting further research to identify and test the 

effects of those additives on chicken performance. 
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Supporting Information 

ABSTRACT: The study was conducted to find out the effects and optimum level of dietary Spirulina platensis 

(Spirulina) supplementation on growth and haematological parameters of pabda (Ompok pabda). Five 

experimental diets were prepared containing 33% protein. Different levels of Spirulina (0% as control or S0, 

S2.5%, S5%, S7.5% and S10%) were supplemented at the expense of fish meal (FM), respectively. Up to 10% of the 

total dietary protein (33%) in the control diet was replaced by Spirulina protein in the experimental diets. The 

feeding experiment was carried out in five treatments with three replications for 10 weeks. The water quality 

parameters viz. ammonia, dissolve oxygen, pH, and temperature were within the suitable range for pabda 

culture. The best growth performance was observed in the fish fed with 10% Spirulina supplemented feed 

followed by 7.5%, 5% and 2.5% Spirulina supplemented diet (P ˂ 0.05). Maximum survival rate (98%) and 

hepatosomatic index (1.37) of pabda was also found in S10% Spirulina group. But the feed conversion ratio 

(FCR) was decreased significantly (P < 0.05) with the increasing level of Spirulina supplementation which 

indicated better feed utilization. In case of carcass composition of pabda, the highest percentage of crude 

protein and ash were observed in fish fed with 10% followed by 7.5%, 5%, 2.5% S. platensis supplemented 

diet (P ˂ 0.05). Likewise, haematological condition in fish fed with 10% Spirulina supplemented diet resulted 

better in this study. Therefore, it could be concluded that dietary supplementation of 10% S. platensis protein 

with FM protein may significantly improve the growth and the haematological parameters of O. pabda. 

Keywords: Feed supplement, Fish meal, Growth, Haematology, Ompok pabda, Spirulina platensis. 

R
E

S
E

A
R

C
H

 A
R

T
IC

L
E

 
P

II: S
2

2
2

8
7

7
0

1
2

5
0

0
0

2
3

-1
5

 

R
e

c
e

iv
e

d
: M

a
rc

h
 2

1
, 2

0
2

5
 

R
e

vis
e

d
: Ju

ly
 1

2
, 2

0
2

5
 

A
c
c
e

p
te

d
: Ju

ly 1
4

, 2
0

2
5

 

 
 

INTRODUCTION   
 

Fish is an important dietary animal protein source in a healthy diet of human because of its high protein, low 

carbohydrate, and unsaturated fat (Mishra and Pradesh, 2020). Moreover, fisheries sector plays an important role in 

employment, nutrition, food security, and foreign exchange earnings in the global economy including Bangladesh which is 

a leading contributor in inland freshwater aquaculture. In 2022-23, the fisheries sector of Bangladesh contributed 

approximately 2.41% to the total gross domestic product (GDP) and around 21.47% to the agricultural GDP (DoF, 2023). 

However, the main constraints in this sector are increasing feed cost. Fish feed generally constitutes 60 –70% of the 

operational cost in intensive and semi-intensive aquaculture system of which 45% of the total feed cost is allocated to 

protein sources (Singh et al., 2006). Fish meal (FM) is an appropriate protein source for aquafeed because it contains a 

high crude protein content (65% to 72%) as well as an optimal percentage of all 10 essential amino acids (EAAs) required 

by all fish species (Gasco et al., 2018). One of the vital problems is the price of FM which is becoming consequently higher 

due to the increasing requirement of FM with the expansion and intensification of aquaculture (Hardy and Tacon, 2002). 

To achieve sustainable aquaculture, novel alternative protein sources, such as cheaper plant or animal origin 

proteins, must be developed for sustained aqua feed production. It is proposed that increasing the use of plant protein in 

fish diets can minimize the cost of FM and feeds (Amer et al., 2020). But plant protein contains some factors such as 

cyanogenic glycosides, protease inhibitors, lectins, tannins, alkaloids, and saponins which suppress other nutrients and 

have negative effects in animal health (Khajali and Rafiei, 2024). Therefore, it’s a crucial need to find out alternative 

protein sources from plant origin where anti-nutritional factors will not be a major concern like algal protein. Throughout 

the world, many algal species have been employed in aquaculture, mostly for nutritional purposes i.e. Spirulina platensis, 

Arthrospira maxima, Chlorella vulgaris etc. (Chen et al., 2022). Among them Spirulina is the most common and widely 

available species. It has no anti-nutritional factors, immunostimulant properties, and cheap protein source compared to 

FM (Amer, 2016). 

Spirulina is a filamentous and multicellular blue-green microalga which belongs to two separate genera Spirulina and 

Arthrospira, and consists of about 15 species (El-Sheekh et al., 2014). Spirulina is the most common and widely 

DOI: https://dx.doi.org/10.51227/ojafr.2025.23 

https://ojafr.com/main/
http://www.science-line.com/index/
https://ojafr.com/main/
mailto:mousumi.aqc@gau.edu.bd
https://orcid.org/0000-0003-2944-9541
https://orcid.org/0000-0002-8142-0124
https://orcid.org/0009-0002-0328-4988
https://orcid.org/0000-0002-4431-1711
https://orcid.org/0009-0009-1957-8930
http://crossmark.crossref.org/dialog/?doi=10.51227/ojafr.2025.23&domain=pdf&date_stamp=


Akter et al., 2025 

 
 

199 

distributed species. Spirulina contains high protein contents, lipids, bioactive components such as vitamins (especially 

vitamin A and B12), minerals, polyunsaturated fatty acids, carotenes, and other pigments that have antioxidant activity 

(Spinola et al., 2024). Besides the nutritional properties, it also acts as a cleansing and detoxifying factor against toxic 

substances (Gargouri et al., 2020). Spirulina has no cellulose in its cell walls, being composed of soft muco-

polysaccharides, thus, makes it easily digested and assimilated its 85 to 95% plant protein (Hanel et al., 2007). Muller et 

al. (2000) found that Spirulina might be used to partially or totally replace FM in formulated aqua diets. Nandeesha et al. 

(2001) reported that Spirulina may substitute up to 25% of FM, resulting in greater development in rohu (Labeo rohita). 

Blood is a useful means of signaling and recognizing the impacts of stress, environment, and the health state of fish 

in a certain location (Asgah et al., 2015). The examination of haematological parameters aids in understanding the 

relationship between blood properties and habitat, as well as the species capacity to adapt to its surroundings. As a result, 

fish blood is crucial for correctly assessing species health (Celik, 2004). Including Spirulina in fish diets enhances 

haematological markers as well as immunological response, making farmed fish healthier and disease resistant.  

The pabda (Ompok pabda) is an indigenous, freshwater small catfish belonging to the family Silurideae of the order 

Siluriformes. Pabda is considered as small indigenous species (SIS) and favorite food fish eagerly devoured by the 

consumers because of its delicious taste, palatability, high protein and minerals (Hossain, 2008). Due to overexploitation 

this species is declining significantly and included in the red list of IUCN (International Union for Conservation of Nature) 

(IUCN, 2003). Thus, natural production of pabda is decreasing day by day. In this context, pabda is a potential fish for 

aquaculture as it fetches very high market value which is 3-5 times higher than those of fishes having low price i.e. 

pangas (Pangasius pangasius) (Kohinoor et al., 2018). Considering its higher market price, consumer demand fish, 

availability of seed, cultivable in small seasonal ponds, attain marketable size with in short period, now-a-days farmers 

are showing considerable interest in pabda culture (Islam et al., 2021). Bangladesh has a great prospect of culture pabda 

in future but feed price is one of the main obstacles for its aquaculture propagation as it contains 50 to 70% of total 

operation cost (Hossain, 2008). 

In this circumstance, the Spirulina can be supplemented with FM in order to enhance growth performance of pabda 

and make the culture more profitable for the farmers. Therefore, the efficient use of Spirulina should be started as a 

better nutrient supplement in fish culture. Though many works have been done as a replacement of FM in fishes but as 

far we are concerned no work has done on supplementation of Spirulina in pabda culture. Therefore, this study was 

conducted to find out the effects of dietary Spirulina supplementation on growth, biochemical composition, and 

haematological parameters of pabda. 

 
MATERIALS AND METHODS 

 

Experimental design 

The experiment was conducted by using a completely randomized design (CRD) for a period of 10 weeks. The 

fingerlings of pabda were obtained from a commercial fish hatchery. Fish were acclimatized in a 300 L circular tanks with 

proper aeration for one week prior to the feeding trial. During their acclimatization period the fish were fed with control 

diet. A total 600 healthy juvenile fish (mean body weight of 0.50 ± 0.01 g) after a 1% salt solution treatment were equally 

divided into experimental pits; each sized 0.64 m3 (length 1.00 m, width 0.8 m, height 0.8 m) with a water volume of 640 

L. Fish in triplicate groups were provided with each experimental diet twice a day until they reached satiation. The water 

level in the experimental pits was maintained using water from a deep tube well. Additionally, a surface exit was installed 

in each pit to stop overflow in the case of rain. The experiment followed the natural photoperiod (about 10:14 light: dark) 

condition. 

 

Diets preparation and fish rearing 

FM, soybean meal, rice bran, wheat bran, mustard oil cake, and wheat flour were collected from the local feed 

market. The quality was considered during purchasing of the feed ingredients. Spirulina was cultured at a large scale for 3 

weeks. Then it was collected, sundried, and grinded for formulating fish feed. After analyzing the proximate composition 

of all the feed ingredients experimental diets were formulated (Table 1). 

Five experimental diets were prepared containing 33% protein (Table 2). Control diet contains fish meal and no 

Spirulina supplementation (S0). In the experimental diets, up to 10% of the total dietary protein (i.e., 10% of 33%) was 

replaced by Spirulina protein at the expense of fish meal protein. Different levels (2.5%, 5%, 7.5% and 10%) of Spirulina 

were supplemented at the expense of FM protein and referred to as S2.5, S5, S7.5, and S10 diets, respectively. Dietary feed 

ingredients were grinded using a laboratory mix grinder (Panasonic MX- AC300) and blended with water to prepare a 

dough. Then the dough was passed through a manual pellet machine to make 2 mm diameter pellets. After that the 

pellets were dried under the sun light for 2 days. The pellets were then stored in plastic containers and kept in refrigerator 

at – 18 °C for further use.  
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Table 1 - Proximate composition (%) of different feed ingredients used to prepare experimental diets. 

Ingredient Protein (%) Lipid (%) Ash (%) Moisture (%) 

Mastard oil cake 35.26 10.73 9.10 11.99 

Soyabean meal 44.03 5.90 6.87 15.65 

Spirulina platensis 61.17 9.87 13.39 18.67 

Fish meal 55.47 13.78 18.30 13.23 

Wheat bran 13.55 2.11 2.04 10.64 

Rice bran 

Wheat flour 

12.74 

5.00 

13.28 

2.95 

7.59 

2.50 

11.39 

8.50 

 

Table 2 - Composition of different feed ingredients and proximate composition (%) for the formulation of experimental 

diets. 

             Experimental diet composition (%) 

Feed ingredients 
S0 S2.5 S5 S7.5 S10 

Fish meal (FM) 30.10 29.40 28.70 28.00 27.40 

Spirulina platensis 0.00 0.70 1.40 2.10 2.70 

Soybean meal 18.00 18.10 18.10 18.15 18.10 

Mustard oil cake 8.20 8.20 8.10 8.15 8.09 

Rice bran 23.30 23.30 23.30 23.14 23.23 

Wheat bran 17.80 17.70 17.70 17.70 17.70 

Wheat flour 2.50 2.50 2.60 2.70 2.70 

Total   100.00 100.00 100.00 100.00 100.00 

Proximate composition (%)     

Protein 32.76 ± 0.33 32.83 ± 0.12 32.95 ± 0.35 33.01 ± 0.22 33.07 ± 0.15 

lipid 5.52 ± 0.17 5.74 ± 0.17 6.43 ± 0.32 5.50 ± 0.09 5.13 ± 0.21 

Ash 16.35 ± 0.20 13.22 ± 0.16 15.36 ± 0.25 14.54 ± 0.23 13.7 ± 0.40 

Moisture 11.81 ± 0.66 11.67 ± 0.50 10.74 ± 0.38 10.45 ± 0.36 10.11 ± 0.20 

Fiber 5.95 ± 0.05 5.83 ± 0.06 6.33 ± 0.06 6.49 ± 0.10 6.87 ± 0.06 

 

Water quality parameters  

The physicochemical parameters (water temperature, dissolved oxygen: DO, pH, and total ammonia) of the 

experimental pit water were monitored on a regular basis to monitor the overall cultural environment. The pH, DO, water 

temperature (°C), and total ammonia were measured using a digital pH meter (Hach Co., Colorado, USA), a digital DO 

meter (Hach Co., Loveland, Colorado, USA), a Celsius thermometer (Digi-thermo WT-2), and an ammonia measurement kit 

(HANNA instrument Test Kit), respectively. 

 

Determination of fish growth, feed utilization, and biological indices 

At the end of the 10-week feeding trial, fish from each experimental pit were collected, counted, and group-weighed. 

Growth performance and feed utilization metrics werecalculated according to the following equations: 

1. Weight gain (g) = Mean final weight (g) - Mean initial weight (g)  

2. Percent (%) of weight gain =                                                                                       × 100 
 

 

3. Specific growth rate (SGR % day-1)   =                                            × 100 
 

 

Where, W1 = The initial live body weight (g) at time T1 (day); W2 = The final live body weight (g) at time T2 (day).  
 

 

4. Feed conversion ratio (FCR) =  

 

 

5.  Survival rate (%) =                                                        ×100 

 
 

6. Hepatosomatic index (HSI) = Liver weight (g) ×100 / Body weight (g) 

Total body weight gain of fish (g) 

Total feed consumption (g) 

 

Mean initial fish weight 

Mean final fish weight – Mean initial fish weight 

Time 

ln W2 – ln W1  

No. of actual fish stocked 

        Final number of survived 
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Proximate composition analysis of fish 

The proximate composition of fish samples was analyzed following the methods prescribed by the Association of 

Official Analytical Chemists (AOAC, 2007). After oven drying to a constant dry weight at 105 °C, the moisture content was 

measured. Petroleum ether extraction in a Soxhlet apparatus for 16 hours was used to estimate the total lipid content, 

while the micro-Kjeldahl apparatus was used to evaluate the crude protein content. The weight loss following the samples' 

6-hour incineration at 550°C in a muffle furnace was used to determine the amount of ash present. The crude protein of 

O. pabda was measured by measuring its total nitrogen content using the conventional Micro-kjeldahl technique. The 

protein, lipid, ash and moisture content were calculated using the formulas shown below. 

% Protein = % Nitrogen × 5.88 (conversion factor used for plant protein) 
 

Moisture content (%) = 
  Initial weight (g) − Final weight (g)

Weight of the sample (g)
 × 100 

 

Ash content (%) = 
Final weight (g) − Crucibal weight (g)

Weight of the sample (g)
 × 100 

 

% Protein = % Nitrogen × 6.25 (for animal protein) 

 

Lipid (%) =                                                                   × 100 

  
 

Determination of haematological parameters  

Hematological parameters like white blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were 

determined by a fully automatic hematology analyzer (DYMIND, DH36, China).  

 

Statistical analysis 

Throughout the trial, all data were gathered, documented, and saved on a computer spreadsheet. The data were 

statistically analyzed using one-way ANOVA in Statistix 10 (2013), with significance assessed using the package's Least 

Significant Difference (LSD) option for comparing means. P < 0.05 was used to define statistical significance. 

 

RESULTS 

 

Water quality parameters 

The physicochemical parameters monitored during the experiment are presented in Table 3. Throughout the trial, 

there were no significant variations (P > 0.05) in water temperature, DO, pH, or total ammonia across treatments. 

 

Growth and feed utilization performance of fish 

Table 4 displays the growth indicators of pabda catfish at the end of the feeding trial, expressed as final weight, 

weight gain (WG), WG%, and SGR values. In the present study, growth indicators revealed an increasing trend till the 

introduction of 10% Spirulina. The WG and WG% of pabda fed with Spirulina supplemented feed in S10 treatment was 

significantly higher than that of the other treatments. Significantly (P < 0.05) the higher SGR values were also found in 

treatment S10 (1.66 ± 0.02) where feed contained 10% Spirulina and lower value was found in control (1.23 ± 0.04) 

treatment. The mean values of FCR were observed as 2.22 ± 0.06, 2.11 ± 0.11, 1.65 ± 0.01, 1.78 ± 0.01 and 1.57 ± 0.03 

in treatments S0, S2.5, S5, S7.5 and S10, respectively. The means are significantly different (P ˂ 0.05) among the treatments. 

In this study, significantly (P ˂ 0.05) the lowest value of FCR (1.57 ± 0.03) was found in treatment S10, where 10% 

Spirulina used. There were significant differences in survival rate (P ˂ 0.05) among the treatments. The highest 

survivability was recorded in S10 where 10% Spirulina was used as supplement in fish feed. On the other hand, the lowest 

survival was found in the treatment S0 where no Spirulina was supplemented. HSI values of pabda varied significantly and 

were 1.02, 1.35, 1.21, 1.12 and 1.37 in treatments S0, S2.5, S5, S7.5, and S10, respectively (Figure 1). Hepatosomatic index 

of pabda fed with Spirulina supplemented feed in S2.5, S5, and S10 treatments were significantly (P < 0.05) higher compared 

to control and S7.5 treatment. 

 

Proximate composition of fish 

By the end of the trial, the inclusion levels of Spirulina had a substantial (P < 0.05) impact on the proximate carcass 

composition of pabda catfish (Figure 2). The highest protein content (24.62 ± 0.14) % was found in S10, followed by S7.5, 

S5, S2.5, and S0 treatments, respectively. There was an upward trend observed in the crude protein level with the increasing 

level of Spirulina supplementation (Figure 2a). In the present study, there were significant differences (P ˂ 0.05) in 

moisture and S0 treatment showed the highest moisture content compared to the other treatments (Figure 2b) . Fish body 

moisture content (%) showed a downward trend in which represents that moisture content reduced with the increasing 

Initial weight of the sample 

(Final weight of beaker+ Sample weight) – Initial weight of beaker 
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supplementation level of Spirulina during the 10 weeks of experimental period. There were significant differences in lipid 

content (P ˂ 0.05) among different treatments. The highest lipid content was found in S0, followed by S2.5, S5, S7.5, and S10, 

treatments, respectively (Figure 2c). There was a downward trend observed in the crude lipid curve with the increasing 

level of Spirulina supplementation. The values of ash content ranged from 1.87 to 3.21% and there were significantly 

different (P < 0.05) among the treatments. The highest ash content was found in the S10 (3.21%) followed by S5, S7.5, S2.5, 

respectively (Figure 2d).   

 

Analysis of Haematological parameters of fish 

Haematological parameters of fish such as Haemoglobin (Hb), White blood cell (WBC), Red blood cell (RBC), 

Hematocrit (HCT), Mean corpuscular volume (MCV), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin 

concentration (MCHC) are presented in Table 5.  In this experiment, the RBC count of fish was 1.72×1012, 1.90 ×1012, 

2.75 ×1012, 2.35 ×1012 and 3.18 ×1012 cells L-1 in the treatment S0, S2.5, S5, S7.5 and S10, respectively. Maximum RBC (3.18 

×1012) was found in S10 where 10% Spirulina used as supplement. There was an upward trend of the RBC, Hb and 

HCTcontent observed in pabda with the increasing of Spirulina level in the treatments. The WBC count was significantly 

different (P < 0.05) among the treatments and the highest WBC count found in the S10 followed by S7.5, S5, S2.5.. The levels 

of RBC, HCT, WBC, and Hb showed a dose-dependent rise, with the largest elevations recorded in fish fed 10% Spirulina. 

The MCV of pabda in this experiment were found 89.50, 92.50, 96.50, 125.50 and 148.50 (fl) in treatments S0, S2.5, S5, 

S7.5 and S10, respectively. Maximum MCV, MCH and MCHC values were found in S10 where 10% Spirulina was included. On 

the other hand, the lowest MCV, MCH, MHC values were found in the treatment S0 where no Spirulina was included.  

 

Table 3 - Ranges of water quality indicators recorded during the trial period from different treatments 

Treatments 
Water temperature  

(°C) 
pH 

Dissolve oxygen 

(mg/L) 

Total ammonia  

(mg/L) 

S0     27.20-29.60 6.13-7.58 6.40-6.95 0.99-1.08 

S2.5 26.96-30.93 6.21-7.56 6.45-6.97 0.98-1.07 

S5 27.83-30.16 6.50-7.57 6.41-7.00 0.99-1.07 

S7.5 27.86-30.15 6.61-7.55 6.59-6.89 0.96-1.04 

S10 27.96-31.09 6.36-7.51 5.72-6.98 0.98-1.02 

 

Table 4 - Growth and feed utilization performance of pabda catfish feed different levels of Spirulina incorporated diets 

for 10 weeks. 

                                Treatments 

Parameters  
S0 S2.5 S5 S7.5 S10 

Initial weight (g) 2.48 ± 0.07 2.50 ± 0.02 2.53 ± 0.04 2.52 ± 0.02 2.46 ± 0.05 

Final weight (g) 5.88 ± 0.02c 6.08 ± 0.17c 7.10 ± 0.04b 7.03 ± 0.41b 7.91 ± 0.07a 

Weight gain (g) 3.40 ± 0.09c 3.58 ± 0.19c 4.57 ± 0.19b 4.51 ± 0.38b 5.43 ± 0.09a 

Weight gain (%) 137.25 ± 5.98c 143.30 ± 6.01c 457.45 ± 9.35b 451.50 ± 9.97b 545.30 ± 11.38a 

SGR (%/day) 1.23 ±0.04c 1.27 ± 0.05c 1.47 ± 0.02b 1.47 ± 0.07b 1.66 ± 0.02a 

FCR 2.22 ± 0.06a 2.11 ± 0.11a 1.65 ± 0.01bc 1.78 ± 0.01b 1.57 ± 0.03c 

Fish Survival (%) 90.50 ± 2.11c 92.25 ± 2.09bc 96.25 ± 4.10a 93.75 ± 3.12b 97.50 ± 4.50a 

Values expressed as mean ± standard deviation (SD). Different lower-case letters denote a significant difference (P < 0.05) among the 

treatments. SGR: Specific growth rate, FCR: Feed conversion ratio. 

 

Table 5 - Hematological parameters of O. pabda in different treatments after feeding experimental diets for 10 weeks. 

                                   Treatments 

Blood parameters 
S0 S2.5 S5 S7.5 S10 

RBC (×1012 cells L-1) 1.72 ± 0.05d 1.90 ± 0.06cd 2.75 ± 0.06ab 2.35 ± 0.10bc 3.18 ± 0.12a 

Hb (gd.L-1) 9.65 ± 1.10c 10.35 ± 1.22c 11.45 ± 1.96b 11.95 ± 1.96ab 12.95 ± 2.01a 

WBC (×103cells mm-3) 18.34 ± 0.35e 20.65 ± 0.66d 23.05 ± 0.71c 24.10 ± 0.71b 26.67 ± 1.01a 

HCT(%) 24.93 ± 1.00e 26.05± 1.01d 28.43 ± 1.08c 29.56 ± 1.10b 32.75 ± 1.90a 

MCV (fl) 89.50 ± 3.79e 92.50 ± 3.80d 95.50 ± 4.47c 125.50 ± 4.23b 148.50 ± 4.77a 

MCH (pg) 42.45 ± 2.01d 43.50 ± 2.00d 45.20 ± 2.75c 52.65 ± 2.80b 58.05 ± 2.97a 

MCHC (gd.L-1) 46.80 ± 2.77d 47.85 ± 2.75d 54.50 ± 2.81c 58.75 ± 2.85b 69.10 ± 3.02a 

Values are represented by the mean ± standard deviation (SD, n = 3). Different superscripted means within the same row differ considerably (P 

< 0.05). Hb: hemoglobin, RBC: red blood cell, WBC: white blood cell, HCT: hematocrit, PCT: platelet, MCV: mean corpuscular volume, MCH: 

mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration. 
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Figure 1 - Hepatosomatic index (HSI) of pabda. Different lower-case letters denote a significant difference (P < 0.05) 

among the treatments. 

 

 

 

  

  
Figure 2 - Proximate carcass composition (% on fresh weight basis) of pabda (O. pabda) fed different level of Spirulina (S. 

platensis) incorporated diets for 10 weeks. Different lower-case letters denote a significant difference (P < 0.05) among 

the treatments. 
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DISCUSSION 

 

Water temperature is an important physical characteristic that has a direct impact on the chemical, physical, and 

biological properties of a water body. Hossain (2008) reported that, the water temperature ranged from 28.9 to 32.8 °C is 

suitable for pabda culture. Nelson (2008) observed that fish do well in a range of 17 to 32 0C temperature depending on 

the species but better growth achieved at 26 °C or higher. The above statements imply that, water temperature in the 

present study was within the suitable range for pabda culture system. In this investigation, the pH levels varied from 6.13 

to 7.58. According to Bhatnagar and Devi (2013), 6.5 to 8.5 is the ideal pH range for fish culture in ponds, while greater 

than 9.5 is not recommended. According to Banik et al. (2015) the optimal pH range for pabda in zooplankton-fed fish 

was 7.3 to 8.5. The previous studies indicate that the pH value in the current research was close to neutral, which is ideal 

for pabda fish rearing. Dissolve oxygenlevels in this research ranged from 6.40 to 7.0 mg.L-1. According to Boyd and 

Tucker (2012), pond water with a Dissolve oxygenvalue of 5.0 to 7.0 mg.L-1 is favorable for fish production, whereas water 

with a DO level less than 3 mg.L-1 is unproductive. Malla et al. (2015) observed that the Dissolve oxygenlevels of 8.4 ± 

0.28 mg.L-1 is suitable for pabda reared on live and artificial meals. In terms of total ammonia in the tanks' water, the 

primary source is fish excretion. Boyd and Tucker (2012) defined safe total ammonia levels as 1.0 mg.L-1. This discussion 

clearly shows that the water quality parameters were within the acceptable limit for pabda catfish growth and survival. In 

other words, the addition of Spirulina to fish meals had no negative impact on water quality during fish rearing. 

Spirulina includes high-quality protein as well as bioactive substances that contribute to growth acceleration. In the 

present study, weight gain of pabda increased with the increasing supplementation rate of Spirulina and all the values in 

different treatments are higher than control diet. Several prior researches have shown that using Spirulina in fish diets 

improves development and health of fish. Abdulrahman (2014) and Khanzadeh et al. (2016) found that common carp 

(Cyprinus carpio) and three-spot gourami (Trichopodus trichopterus) grew the fastest with a Spirulina inclusion level of 

10%. The results of growth indices in our study were similar as found in previous studies. The present study showed that 

supplementation with Spirulina up to 10% did not have negative impacts on growth performance which is in line with the 

finding of Teimouri et al. (2013). It happened because of Spirulina contains a high-quality nutrient that might have an 

important role in growth rate compared to the algal-free diet (Spolaore et al., 2006). Spirulina contains various elements, 

including vitamins and minerals, which may aid in fish development. Nandeesha et al. (2001) found SGR values of 1.50-

1.83% in experiments with Indian main carp catla (Catla catla) and rohu (Labeo rohita) fed diets with varying levels of 

Spirulina. Promya and Chitmanat (2011) found SGR values between 2.14-2.53% on the experiment where Spirulina 

positively effect on growth, quality and immunity of catfish. This difference of SGR value could be due to the species 

variation as well as initial size of fish used and also may be due to the difference of culture season and different kinds of 

feed. The findings are consistent with those of other studies (Hirahashi et al., 2002; Hernandez et al., 2012; Palmegiano 

et al., 2008) who discovered that feeding Spirulina to fish enhanced survival and growth rates.  

A low FCR value is an indication of better feed utilization efficiency of a formulated feed. Al-Deriny et al. (2020) 

showed that dietary Spirulina increased the FCR of Nile tilapia, which ascribed to the algae's involvement in improving 

intestinal morphometry indices and therefore increasing intestinal absorption capacity. Furthermore, adding Spirulina to 

the diet of the Oscar fish (Astronotus ocellatus) boosted growth performance and feed utilization efficiency 

(Mohammadiazarm et al., 2021). This accounts for the nutritional value of algal bioconstituents such as fatty acids, amino 

acids, vitamins, and minerals. Nandeesha et al. (2001) found FCR value (2.10-2.56) on their experiment with diet 

containing different level of Spirulina in Indian major carp catla and rohu. Kim et al. (2013) reported that partial 

substitution of FM with Spirulina in diets for parrot fish (Oplegnathus fasciatus) increased FCR from 1.98 to 2.27. The 

current study's findings are consistent with those of Ibrahem et al. (2013), who discovered that feeding with Spirulina 

powder increased the FCR and growth rates of striped jack (Pseudocaranx dentex) and O. niloticus. 

An upward trend was observed with fluctuation in the survival rate with the use of high amount of Spirulina in fish 

feed as supplement. Dernekbasi et al. (2010) found that, in comparison to other commercial feeds, fish survival improved 

with an increase in the amount of Spirulina in the diet. Spirulina most likely increased growth rate and decreased death 

rate in the current research. According to research done by Youssef et al. (2023), Spirulina's lack of cellulose makes it 

more readily digestible, which increases fish appetite, feed intake, and nutrient digestibility. These factors all contribute to 

the fish's improved health and increased resistance to infection by lowering stress levels. Hepatosomatic index (HSI) 

provides an indication on status of energy reserve of an animal. The present study collaborates with HIS value found by 

Peres et al. (2003). The present study proved that dietary supplementation of Spirulina enhanced fish growth. These 

results may possibly be due to the better digestibility and absorption of nutrient. 

In present study crude protein content in fish body carcass was found better in Spirulina supplemented diet 

compared to non-supplemented diet. This conclusion is consistent with that of Mohammadiazarm et al. (2021) who found 

an increase in protease levels in fish fed with Spirulina, implying that it plays a role in enhancing protein utilization. 

According to El-Sheekh et al. (2014) crude protein content increased in tilapia with the feed increase of Spirulina protein 

percentage. Abdulrahman (2014) also found the same effect of increasing crude protein level (17.86-25.14%) with the 

increase of Spirulina protein (%) in case of common carp. Therefore, all the findings are similar to the result found in the 
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present study. The protein level in pabda after feeding different level of Spirulina protein suggested that supplementation 

of Spirulina increases the protein content in fish body. Fish protein percentages may rise as a result of Spirulina's high 

protein content and capacity to stimulate fish somatic growth and protein synthesis (Mohammadiazarm et al., 2021). The 

decrease of lipid content concomitant with an increased Spirulina supplementation level agrees with the results found by 

Abdulrahman (2014) and Khanzadeh et al. (2016). The current findings demonstrated a reduction in lipid content in those 

administered Spirulina-supplemented meals. Mohammadiazarm et al. (2021) found that the polyphenol content of algae, 

such as β-carotene or phycocyanin, can reduce lipid levels (Kim et al., 2013; Hassaan et al., 2021). Hossain et al. (1999) 

conducted an experiment on nutritional value of some small indigenous fish species (SIS) of Bangladesh and found lipid 

content 1.87% - 9.55% fresh matter basis. In this study, lipid content ranged from 2.21% - 5.08%. Spirulina known to 

decrease lipid deposition (Nandeesha et al., 2001). Kim et al. (2013) conducted an experiment on partial replacement of 

FM with Spirulina in diets for parrot fish and found that higher the inclusion the Spirulina the lower crude lipid percentage 

which is similar to the present study. According to Nandeesha et al. (2001), the effect of dietary Spirulina on whole-body 

lipid content varies with the type of Spirulina utilized. The effects of Spirulina on whole-body protein and lipid levels are 

connected with their synthesis and accumulation rates in muscle, as well as the organisms' growth rate (Soivio et al., 

1989). In a study of Stansby (1954) moisture content for fresh water fish was reported to be in the range of 72.1-83.6%. 

The finding in case of ash content was agreed with the studies of Khanzadeh et al. (2016); El-Sheekh et al. (2014), and 

Abdulrahman (2014).  These studies found that higher inclusion levels of Spirulina led to increased ash content.El-Sheekh 

et al. (2014) found ash content in red tilapia ranged from 10.1 to 10.8 % on dry matter biases by using Spirulina in feed. 

Olvera et al. (2008) found ash content of tilapia between 3.13% and 4.17 % and the ash content was higher in control diet 

than the FM replacement Spirulina diet. Nandeesha et al. (2001) used four experimental diets for common carp by 

replacing FM protein through the incorporation of Spirulina and found ash content from 2.04 to 3.09%. In this study the 

ash content was measured on the dry weight basis. Though there was a fluctuation in S7.5 treatment otherwise the ash 

content was increased with the raising of Spirulina supplementation level in the present study. 

Variation in the haematological parameter is an important tool for representing the fish immunity as well as the 

health status (Celik, 2004). The levels of RBC, HCT, WBC, and Hb showed a dose-dependent rise, with the largest 

elevations recorded in fish fed 10% Spirulina supplemented diet. Similar to our findings, including Spirulina into the diet of 

Great Sturgeon (Huso huso) dramatically raised RBC and Hb (Milad et al, 2016). Spirulina contains a lot of iron and has 

considerable effects on erythropoiesis in anaemic rats by boosting the amounts of RBCs and Hb (Kapoor and Mehta, 

1992). Sayed and Fawzy (2014) reported that dietary Spirulina significantly affected the haemoglobin content of C. 

gariepinus and varied from 7.51 to 9.83 g.dl-1. Ibrahem et al. (2013) found that haematocrit tended to increase with 

increasing dietary Spirulina levels than the control fish. In the present study after supplementation of Spirulina in the 

experimental diets the haemoglobin counts significantly increased in the treatment, S10 (12.95 g.dl-1) than the control, S0 

(9.65 g.dl-1). Thus, the increase of RBC and Hb in our study might be ascribed to the presence of iron element in Spirulina. 

Increase in red and white blood cells of fish resulted may be due to the presence of C-phycocyanin in Spirulina, which can 

help to increase the immunity stimulating capacity of fish (Eissa et al., 2024). RBC carries glucose from blood to different 

cells of the whole body. Higher value of RBC represents increasing haemoglobin content in blood (Pelster, 2001). Raising 

the haemoglobin level of fish is an excellent way to measure their ability to transport oxygen, which allows correlations to 

be established between the fish's health and the oxygen concentration in their environment. It is a good immunological 

sign for fish because it indicates more transportation of oxygen in the blood which will prevent fish from anemia (Esmaeili, 

2021). Furthermore, in the current study, nutritional supplementation with Spirulina resulted in greater levels of WBC 

compared to control, which was consistent with the findings in yellow croaker (Pseudosciaena crocea) (Li et al., 2014) and 

common carp (Samah et al., 2017). Higher WBC levels in fish given Spirulina supplemented diets might be due to the 

existence of a polypeptide-phycocyanin, which was discovered to be a significant role in boosting WBC in mice (Zhang et 

al., 1994). The increased WBC cells in blood usually help fish body to fight against infections and some diseases. So, the 

higher value of WBC indicates better immunity of fish (Kori-Siakpere et al., 2006). MCHC depends on hemoglobin (Hb) 

synthesis. When Hb synthesis decreases the MCHC also reduces and causes anemia (Javed et al., 2016). If hemoglobin is 

increased, the MCHC value is able to diminish hypochromic anemia. The results of the current study are in accordance 

with Ibrahem et al. (2013) who found that the MCV, MCH, MCHC in fish were increased with increasing dietary Spirulina 

levels. In the present study, the values of these parameters gradually increased with the increasing supplementation of 

Spirulina and within in suitable range which indicated a better immunity of fish than control. 

 
CONCLUSION 
 

The current study showed a positive dietary effect of Spirulina on growth performance, body composition, and 

haematological parameters of pabda. Among the different supplementation levels, the best growth performance of pabda 

was obtained in the case of 10% Spirulina supplementation. In addition, all the haematological parameters also improved 

with the increasing of Spirulina supplementation level during the experiment which indicates better immunity of pabda. 

Among the different supplementation levels, 10% Spirulina supplementation showed the best value of haematological 
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parameters. From this study, it can be concluded that, 10% Spirulina supplementation in pabda feed could help to get 

better production and health performance in the culture. However, further work is necessary to understand the effect of 

higher percentage of Spirulina supplementation, its chemical nature, mode of action and also in vivo and in vitro tests 

need to be conducted for better growth, quality and health of pabda.  
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Supporting Information 

ABSTRACT: High protein content in silage feed often triggered excessive proteolysis caused by proteases 

derived from both plants and spoilage bacteria, which reduced the nutritional quality for ruminants. 

Temulawak (Curcuma xanthorrhiza) is an herbal plant with antibacterial and antioxidant properties, which 

have been reported to reduce proteolysis in previous studies. This study aimed to evaluate the effects of 

temulawak powder (TP) as an anti-proteolysis additive in the fermentation of total mixed ration-based okara 

silage (TMRO-silage) and its impact on silage characteristics. Additionally, the study examined the effects of 

drying temperature on temulawak extract optimization. Temulawak was dried at 50, 65, and 80°C, followed 

by the measurement of phenol, flavonoid, and ferric reducing antioxidant power (FRAP) content. The TMRO-

silage was composed of commercial feed and okaras (1:1 w/w), supplemented with 0-1% temulawak in 

increments of 0.25% (5 treatments and 4 replications). Fermentation lasted for 14 days. Proximate and in 

vitro analyses (control vs. temulawak treatments) were conducted to assess silage quality. Drying temulawak 

at 65°C significantly (P < 0.01) increased phenol (16.9 µg quercetin equivalent, QE), flavonoid (23.3 µg QE), 

and FRAP (30.1 µg QE) content per dry weight. Temulawak supplementation significantly reduced ammonia 

levels and increased the crude protein content of TMRO-silage (P < 0.01). Moreover, it decreased ammonia 

concentration in the rumen (P < 0.01), improved dry matter and organic matter digestibility (P < 0.05), and 

notably reduced methane production per total gas volume (P < 0.05). In conclusion, temulawak effectively 

preserves the quality of complete feed silage, enhances rumen metabolism, and mitigates methane 

emissions. 

Keywords: Antibacterial activity, Antioxidant properties, Fermentation, Proteolysis, Silage quality. 
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INTRODUCTION   
 

Ensuring high-quality feed for ruminants, particularly beef cattle, requires a high-protein intake, commonly achieved 

through high-protein silage. This need becomes even more critical when the silage has a high digestibility rate (Li et al., 

2021). High-protein silage, such as alfalfa or leguminous plants, serves as a key commodity. Similarly, tofu byproducts 

still contain a significant amount of protein. Tofu byproduct, or okara, is a soybean-processing residue rich in protein (9.9-

32.8%), fat (6.2-22%), crude fiber (4.1-23.4%), and essential minerals such as calcium, iron, and copper (Kamble and 

Rani, 2020; Ginting et al., 2024). However, its high moisture content (74-80.3%) makes it highly susceptible to microbial 

spoilage, which can degrade its nutritional quality and cause an unpleasant odor (Kamble and Rani, 2020). Fermenting 

okara with microorganisms such as Bacillus subtilis, Saccharomyces cerevisiae, Lactobacillus plantarum, and 

Lactobacillus rhamnosus enhances its nutritional profile. This process increases the concentration of small peptides (from 

7.35% to 39.58%), enriches its amino acid and organic acid content, and improves digestibility (Suwarsito and 

Purbomartono, 2018; Kamble and Rani, 2020; Heng et al., 2022). As a result, fermented okara becomes a more stable 

and nutrient-dense alternative protein source for animal feed, and potentially for functional food applications. However, 

the absence of a controlled ensiling system presents several challenges, particularly the risk of excessive proteolysis 

(Hadidi et al., 2023). Therefore, supplementation with temulawak, an herbal additive containing bioactive compounds, 

became necessary to inhibit proteolysis. Reports also indicated its potential to improve ruminant production parameters 

(Adli et al., 2024; Sujarnoko et al., 2020). 

Proteolysis occurs when proteins in the silage break down into non-protein nitrogen compounds, reducing the silage’s 

nutritional value (Jayanegara et al., 2019; Okoye et al., 2023). This process is often exacerbated by plant protease activity 
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and spoilage microorganisms, including Clostridium sp., Enterobacteria, Pseudomonas, molds (Aspergillus sp. and 

Fusarium sp.), and yeasts (Candida sp. and Saccharomyces sp.) (Ahangari et al., 2021; He et al., 2024; Snyder et al., 

2024). These microorganisms not only degrade high-protein silage quality but also produce mycotoxins, such as those 

from Aspergillus sp. and Fusarium sp., which are toxic (Ekwomadu et al., 2021; Navale et al., 2021). Therefore, 

incorporating additives, such as Curcuma xanthorrhiza (temulawak), has become a primary strategy to mitigate these 

issues. 

Curcuma xanthorrhiza has the potential to reduce protein degradation by inhibiting the growth of spoilage 

microorganisms (Yogiara et al., 2020; Septama et al., 2022; Nurcholis et al., 2024). It acts as an antimicrobial agent that 

suppresses pathogenic bacteria like Clostridium sp., Enterobacteria, and Pseudomonas, as well as mycotoxin-producing 

fungi such as Aspergillus sp. and Fusarium sp. Consequently, the conversion of protein into non-protein nitrogen and 

ammonia decreases. Additionally, temulawak contains curcuminoids and xanthorrhizol, which can reduce protease 

activity from both plants and spoilage microbes, thereby minimizing protein degradation (Seseogullari-Dİrihan et al., 

2018; Al-Amin et al., 2024). Furthermore, yeast and C. xanthorrhiza supplementation in goats fed a high-PUFA diet 

reduced methane production and rumen protozoa populations while improving nutrient metabolism efficiency in vitro 

(Sulistyowati, 2014). 

This study hypothesizes that the secondary metabolites of temulawak can inhibit proteolysis during the fermentation 

of total mixed ration-based okara silage (TMRO-silage) containing tofu by-products by reducing the protease activity of 

plants and spoilage microorganisms. This study introduces a novel application of temulawak as a natural additive in 

complete feed silage, which has not been widely explored in previous research. It not only acts as an antimicrobial agent 

to suppress the growth of spoilage bacteria and mycotoxin-producing molds but also serves as an anti-proteolytic agent 

that helps preserve protein content in the silage. This study aims to evaluate temulawak’s effectiveness in reducing 

proteolysis during the fermentation of tofu by-product-based TMRO-silage, optimize its drying method to enhance 

bioactive metabolite content, and analyze its impact on silage quality, feed digestibility, and methane gas production in 

the rumen. 

 

MATERIALS AND METHODS 

 

Preparation temulawak powder  

Fresh temulawak (C. xanthorrhiza) was harvested from Dramaga District, Bogor (6.5829°S, 106.7338°E) following a 

three-month cultivation period, consistent with local agronomic practices. The rhizomes were sliced into 3 mm-thick 

pieces and dried in an oven at 50°C, 65°C, and 80°C until they reached a stable weight. The dried temulawak was then 

ground and passed through a 40-mesh sieve. The resulting powder was extracted using an ultrasonic Branson 1510 with 

an oscillation frequency of 40 kHz in an aqueous-acetone solution (70:30 v/v). The extract was then analyzed for total 

phenolic content, flavonoid content, and antioxidant activity using the ferric reducing antioxidant power (FRAP) method. 

 

Determination of total phenolic, total flavonoid, and FRAP 

Total phenolic content (TPC) was determined using the Folin-Ciocalteu method, following Makkar’s protocol (Makkar, 

2003). First, 10 µL of 10% Folin-Ciocalteu reagent was added to the sample and incubated for 5 minutes. Then, 20 µL of 

7.5% Na₂CO₃ was introduced into the mixture, which was subsequently incubated in a dark room for 30 minutes. The 

absorbance of the resulting solution was measured at a wavelength of 750 nm using a nano-spectrophotometer 

(SPECTROstar Nano, BMG LABTECH). Gallic acid was used to construct a standard curve for determining the TPC of 

temulawak powder, expressed as mg gallic acid equivalent (GAE) per gram of dry weight (DW). The standard curve was 

prepared using seven concentration levels: 0, 50, 100, 150, 200, 250, and 300 ppm. The TPC was calculated using the 

equation y = 0.006x + 0.198, where y represents the absorbance value and x denotes the gallic acid concentration. 

The total flavonoid content (TFC) was determined using AlCl₃ colorimetric method, following the protocol described by 

Chang (Chang et al. 2002). First, 250 µL of the sample extract was mixed with 75 µL of 5% NaNO₂ and incubated for 5 

minutes. Then, 150 µL of 10% AlCl₃ was added, followed by additional 5-minute incubation. Afterward, 500 µL of 1 M 

NaOH was introduced into the mixture, and the final volume was adjusted to 2 mL with distilled water. The absorbance of 

the solution was measured at 510 nm using a nano-spectrophotometer (SPECTROstar Nano, BMG LABTECH). Quercetin 

was used to generate the standard curve, and TFC was expressed as mg quercetin equivalent (QE) per gram of dry weight 

(DW). The standard curve was prepared with quercetin concentrations of 0, 20, 40, 60, 80, and 100 ppm. The TFC was 

calculated using the equation y = 0.005x + 0.102, where y represents the absorbance value, and x denotes the quercetin 

concentration. The antioxidant capacity of temulawak powder was determined using the Ferric Reducing Antioxidant 

Power (FRAP) assay, following Benzie and Strain (1996). The FRAP reagent was freshly prepared by mixing 300 mM 

acetate buffer (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM FeCl₃·6H₂O solution in 

a 10:1:1 ratio. Then, 100 µL of the sample extract was mixed with 900 µL of the FRAP reagent and incubated at 37°C for 

30 minutes. The absorbance of the resulting solution was measured at 593 nm using a nano-spectrophotometer 
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(SPECTROstar Nano, BMG LABTECH). A standard curve was prepared using FeSO₄·7H₂O at concentrations of 0, 200, 400, 

600, 800, and 1000 µM. The FRAP value was expressed as mg Trolox equivalent (TE) per gram of DW and calculated 

using the equation y = 0.004x + 0.123, where y represents the absorbance value, and x denotes the Fe²⁺ concentration. 

 

Preparation of fermented okaras for complete feed 

preservation 

 This study examined the effect of temulawak powder 

dosage (0%, 0.25%, 0.5%, 0.75%, and 1% DM) on complete 

feed supplemented with fermented okaras, using a fresh 

okara-to-complete feed ratio of 1:1. The fermentation 

process lasted 14 days. Fresh okaras were sourced from a 

home-based tofu industry in Dramaga District, Bogor. The 

complete feed was a commercial product from Agro Apis 

Palacio Company in Bubulak. The feed ingredients were 

formulated and analyzed for proximate composition at the 

Feed Science and Technology Laboratory, Faculty of Animal 

Science, IPB University. Proximate components were 

analyzed following AOAC (2023) methods, including dry 

matter (934.01), crude protein (990.03), crude fiber 

(962.09), crude fat (920.39), and ash (942.05); nitrogen-

free extract was calculated by difference. Table 1 presents 

the composition and nutritional content. 

 

In vitro model of Theodorou (1994) and gas production assessment 

The fermented okara and complete feed included a control group without temulawak powder (TMRO-0) and with 

treatment groups supplemented with 0.25% to 1% temulawak powder (TMRO-0.25, TMRO-0.5, TMRO-0.75, TMRO-1), 

were oven-dried at 60°C for 24 hours. The samples were then incubated in vitro with a rumen fluid and buffer mixture 

following the Theodorou method (Theodorou et al. 1994). Rumen inoculum from beef cattle was collected at a 

government-operated slaughterhouse in Bogor, West Java. The facility complied with animal welfare standards 

established by the National Research and Innovation Agency (BRIN). A 500 mg sample was placed into a 125 ml serum 

bottle, followed by the addition of 15 ml of rumen fluid and 60 ml of buffer mixture. The treatment allocations followed a 

randomized complete design. Incubation was conducted in four replicates, with four bottles per replicate.  

Immediately after sample preparation, the serum bottles were sealed with butyl rubber stoppers and aluminum 

crimp seals. The incubation process lasted for 24 hours at 39°C, with gas production recorded throughout. After 

incubation, the supernatant was collected to measure total volatile fatty acids (VFA) and ammonia concentration, 

following the Jayanegara method (Jayanegara et al., 2016). The remaining residue was weighed to determine in vitro dry 

matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD). 

 
Data analysis 

The assessment of drying temperature on the chemical characteristics of temulawak extract followed a completely 

randomized design (CRD) with different treatments. In the drying experiment, the effect on flavonoid content, phenol 

levels, and ferric reducing antioxidant power (FRAP) was evaluated. Temulawak was dried at three different 

temperatures: 50°C (T50), 65°C (T65), and 80°C (T80), with each treatment replicated four times. The average drying 

time was then presented graphically. In the silage experiment, the addition of temulawak powder followed a CRD. The 

treatments consisted of temulawak powder at 0% (TP0), 0.25% (TP0.25), 0.5% (TP0.5), 0.75% (TP0.75), and 1% (TP1) of 

the total TMRO-silage weight. If the ANOVA results were significant (p < 0.05), further analysis was conducted using 

Duncan’s multiple range test. A graphical illustration was employed to observe the dynamic changes in ammonia 

production in TMRO-silage following temulawak powder addition. In the in vitro experiment, the treatments included a 

control diet consisting of complete feed and okaras (TP0) and a diet supplemented with 1% DM temulawak (TP1). Each 

treatment was replicated four times. Data analysis was conducted using an independent t-test in SPSS 16 to compare the 

means between the two groups. The t-test statistic (t) was calculated using the formula where X ̄1 and X̄2 represent the 

mean values of groups TP0 and TP1, respectively; s1
2 and s2

2 denote their variances; n1 and n2 indicate the sample sizes 

of each group. A significance level (α) of 0.05 was used to determine statistical differences between the treatments. Gas 

production was fitted to the following non-linear regression model:  Vt = (a + b) × (1 - e-ct), 

where Vt represents the volume of gas production (ml) at time t, t is the incubation period (h), a + b denotes the gas 

production potential, e is the base of the natural logarithm, and c is the gas production rate constant. The model’s fit was 

assessed using the coefficient of determination (R²) and mean square error (MSE), both of which were reported to 

validate the regression accuracy.  

Table 1 - Feed composition and nutritional content 

Ingredient Level (% DM) 

Okara 12 

Palm kernel meal 25 

Casava dreg 17 

Coffee husk 22 

Copra meal 10 

Pollard 8 

Molasses 5 

Urea 1 

Nutrition content (%)  

Dry matter 56.5 

Crude protein 16.9 

Crude fiber 18.5 

Non-nitrogen extract 52.3 

Crude fat 5.28 

Ash 7.04 
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RESULTS AND DISCUSSION 
 

Impact of thermal drying conditions on bioactive compound stability in temulawak 

Drying is one of the most common methods for preserving herbal materials (Calín-Sánchez et al., 2020). Using an 

oven at a specific temperature influences the drying rate (Torki-Harchegani et al., 2016). Additionally, oven temperature 

affects the quality of the active compounds produced (Abd Ghani et al., 2023). Optimizing drying temperature is essential 

to maintaining the quality of bioactive compounds in temulawak. Temulawak is an herbal plant with antibacterial and 

antioxidant properties and can influence rumen metabolism (Rosidi et al., 2016; Sujarnoko et al., 2023). The effect of 

temperature on drying speed is shown in Figure 1. Drying at 50°C takes approximately 25 hours to reach a stable dry 

weight. At 65°C, the material reaches a stable dry weight in 9 hours, while at 80°C, it achieves equilibrium after 7 hours 

of drying (Figure 1). 

Oven temperature significantly influenced (P<0.01) total flavonoid content, with the highest levels observed at 65°C, 

followed by 50 and 80°C (Table 2). The lower flavonoid content at 80℃ resulted from excessive heat exposure, which 

degraded a significant portion of the flavonoids. High temperatures caused structural damage to the functional groups of 

flavonoids (Zhang et al., 2023). For instance, rutin, naringin, and luteolin degrade at 130°C after two hours, while high 

temperatures also inhibit anthocyanin biosynthesis (Chaaban et al., 2017; Yang et al., 2024). Drying at 50°C preserved 

more flavonoid content than at 80°C because lower temperatures minimized functional group degradation (Sharma et 

al., 2015; Červenka et al., 2018). However, drying at 65°C resulted in significantly higher flavonoid content than at 50℃, 

likely due to prolonged heat exposure enhancing flavonoid release.  

Phenols are among the compounds in temulawak that exhibit antibacterial and antioxidant properties (Abd Rashid et 

al., 2022). Drying temulawak at 80°C significantly reduces the total phenol content compared to drying at 50 and 65°C 

(Table 2). This reduction occurs because phenolic groups degrade and oxidize when exposed to high temperatures, 

leading to a significant decline in total phenol content. Heat exposure causes structural damage to these compounds 

(Cheng et al., 2014; Wang et al., 2021). In contrast, drying at 50 and 65°C does not result in a significant difference in 

total phenol content. This stability likely occurs because the temperatures used do not exceed the degradation threshold 

of phenols (Levén and Schnürer, 2005). Temulawak is an herbal plant with antioxidant properties that enhance its ability 

to absorb free radicals (Rosidi et al., 2016). Drying at 65°C increases its antioxidant activity compared to drying at 80°C 

(Table 2). This occurs because high temperatures accelerate the thermal degradation of antioxidant compounds, reducing 

temulawak’s ability to neutralize free radicals (Levén and Schnürer, 2005; Peron et al., 2017). Meanwhile, drying at 50°C 

results in lower antioxidant activity than at 65°C. This may be due to prolonged exposure to heat and oxygen, which 

promotes oxidation (Poljšak and Fink, 2014; Bahrololoumi et al., 2022). 

 

 
Figure 1 - Oven temperature influenced the sample weight (g) of temulawak powder over time (h), where 50°C (solid), 

65°C (small dashed), 80℃ (long dashed).  
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Table 2 - Flavonoid content, phenol levels, and FRAP under drying treatments at 50, 65, and 80°C in temulawak 

powder. 

                           Drying temperature (°C) 

Flavonoid content 
50°C 65°C 80°C P value 

Total flavonoid (µg QE/g DW) 18.1 ± 1.45b 23.3 ± 1.72a 14.5 ± 1.71c <0.01 

Total phenol (µg GAE/g DW) 17 ± 1.36a 16.9 ± 1.73a 12.4 ± 1.63b 0.01 

FRAP (mg TE/g DW) 19.7 ± 2.25b 30.1 ± 2.42a 9.18 ± 2.91c <0.01 

Different superscripts within the same row are significantly different at P<0.05. FRAP=ferric reducing antioxidant power, GAE=gallic acid 

equivalent, QE=quercetin equivalent. 
 

 

 
Figure 2 - The impact of temulawak powder addition (%, x-axis) to TMRO-silage on ammonia production (mM, y-axis). 

 
Effect of temulawak powder on TMRO-silage 

Preserving high-protein feed ingredients during the rainy season presents a significant challenge (Wang et al., 2019). 

In the silage process, spoilage bacteria such as Clostridium sp. and Escherichia coli deaminate protein chains, converting 

them into ammonia. This reaction makes it more difficult to lower the silage pH (Jayanegara et al., 2019). Temulawak, a 

rhizome with antibacterial properties, can help prevent protein degradation during silage production (Rahmat et al., 

2021). Adding 0.5% temulawak powder to TMRO-silage effectively inhibited deamination, as indicated by a significant 

decrease in ammonia levels (P < 0.01; Table 3). Lower ammonia levels help stabilize silage pH during storage 

(Jayanegara et al., 2019). Temulawak reduces ammonia content by using its phenolic compounds to inhibit spoilage 

bacteria (Sadarman et al., 2019; Figure 2). Additionally, tannins in temulawak bind to proteins, further limiting 

deamination (Kondo et al., 2006). Adding 1% temulawak powder effectively prevented crude protein loss, significantly 

increasing the feed protein percentage on TMRO-silage (P < 0.05; Table 4). Soluble carbohydrates in the feed are 

converted into lactate, carbon dioxide, and water, which leads to a relative increase in protein content within the silage. 

Phenols can inhibit microbial activity, while tannins help protect proteins from degradation (Jayanegara et al., 2019; 

Sujarnoko et al., 2020). However, temulawak powder did not significantly lower the pH, which remained within the 

acceptable range for silage (pH 4-4.5). The addition of temulawak powder effectively preserved the dry matter content of 

TMRO-silage, as indicated by the significantly higher dry matter values in the treatment group compared to the control (P 

< 0.01; Table 4). The preservation process for complete feed and tofu by-products improved because the nutrients were 

protected from spoilage. Additionally, nutrient degradation was prevented (Rahmat et al., 2021; Abd Rashid et al., 2022). 

 
Effect of adding temulawak powder on in vitro rumen fermentation 

The addition of 1% temulawak powder to TMRO-silage significantly reduced rumen ammonia levels compared to the 

other treatment (P < 0.01; Table 5). This reduction is likely due to temulawak’s phenolic and flavonoid compounds, which 

can inhibit protease activity and microbial proliferation (Landis‐Piwowar et al., 2008; Hernández-Rodríguez et al., 2019). 

The decrease in ammonia production tends to lower pH levels since ammonia, which has a basic nature due to its (-NH₂) 

group, is reduced (Calsamiglia et al., 2008). Additionally, a strong correlation exists between phenolic content and lactic 

acid bacteria populations (Pianpumepong and Noomhorm, 2010). Temulawak powder also increases total gas production 

y = 2.1251x2 - 3.8579x + 4.6556 
R² = 0.8113 

2.50

3.00

3.50

4.00

4.50

5.00

5.50

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

A
m

m
o

n
ia

 (
m

M
) 

 

Temulawak powder (%) 



Sujarnoko et al., 2025 

 

 

215 

and digestibility (IVDMD and IVOMD). However, an important finding is the reduction in methane production per total gas 

(P < 0.05; Table 5). Previous in vitro studies also reported methane reduction with other phenolic-containing compounds 

(Sujarnoko et al., 2020; 2023). The positive correlation between temulawak powder and rumen fermentation 

characteristics is primarily attributed to its phenolic and flavonoid content. However, drying methods should be optimized 

to ensure the best residual compound retention. Future research should explore not only the application of temulawak 

powder in high-protein silage preservation, such as TMR-silage with okaras, but also in other high-protein silage 

applications, including fermented food products. 

 

Table 3 - Influence of the temulawak powder on the ammonia production (mM) of TMRO-silage 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

Ammonia (mM) 4.52 ± 0.66c 3.91 ± 0.23b 3.1 ± 0.37a 2.9 ± 0.35a 2.84 ± 0.13a 0.01 

Different superscripts within the same row are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-silage+0.5%TP; TMRO-0.75=TMRO-

silage+0.75%TP, TMRO-1: TMRO-silage+1%TP.  

 

Table 4 - Influence of the temulawak powder on pH and proximate composition of TMRO-silage 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

pH 4.32 ± 0.02 4.3 ± 0.07 4.3 ± 0.03 4.33 ± 0.03 4.3 ± 0.05 0.34 

Dry matter (%)  54.1 ± 0.64a 56 ± 0.7b 57.4 ± 0.63c 57.2 ± 0.75c 55.3 ± 0.76b <0.01 

Crude protein (%) 15.2 ± 0.1a 15.5 ± 0.65ab 15.7 ± 0.32ab 15.8 ± 0.52b 17.1 ± 0.41c <0.01 

Ether extract (%) 6.72 ± 0.25b 5.56 ± 0.22a 7.8 ± 0.19c 7.07 ± 0.16b 7.67 ± 0.46c <0.01 

Crude fiber (%) 22.3 ± 0.49b 22.6 ± 0.92b 21.9 ± 0.84b 21.7 ± 1.16ab 20.4 ± 0.82a 0.03 

Ash (%) 8.74 ± 0.26a 8.77 ± 0.45a 9.03 ± 0.65a 9.17 ± 0.67a 10.1 ± 0.83b 0.03 

NFE (%) 47 ± 46cd 47.6 ± 0.5d 45.5 ± 0.43ab 46.3 ± 0.86bc 44.7 ± 0.53a <0.01 

Different superscripts within the same row are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; NFE=nitrogen-free extract. TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-

silage+0.5%TP; TMRO-0.75=TMRO-silage+0.75%TP, TMRO-1: TMRO-silage+1%TP.  

 

Table 5 - In vitro characteristics of TMRO-silage added with temulawak powder 

Parameters TMRO-0 TMRO-0.25 TMRO-0.5 TMRO-0.75 TMRO-1 P-value 

Ammonia (mM) 12.3 ± 1.14b 11.4 ± 0.87ᵇ 10.3 ± 0.79ᵃᵇ 9.7 ± 0.53ᵃ 9.03 ± 0.62a <0.01 

pH 6.99 ± 0.17b 6.97 ± 0.14ᵇ 6.91 ± 0.21ᵇ 6.87 ± 0.07ᵇ 6.81 ± 0.83a 0.01 

VFA (mM) 125 ± 5.63 123 ± 6.01 120 ± 5.99 118 ± 6.3 115 ± 6.46 0.07 

IVDMD (%) 49.6 ± 0.85a 51.0 ± 0.56ᵃᵇ 50.5 ± 0.48ᵇ 50.8 ± 0.38ᵇ 51.1 ± 0.6b 0.03 

IVOMD (%) 47.2 ± 0.89a 47.8 ± 0.75ᵃᵇ 48.2 ± 0.86ᵇ 48.3 ± 0.71ᵇ 48.9 ± 0.78b 0.03 

Total gas (mL) 113 ± 2.95a 115 ± 2.53ᵃᵇ 118 ± 2.16ᵇ 117 ± 2.01ᵇ 119 ± 1.97b 0.03 

Methane (ppm) 
72,166 ± 

6,135 

70,135 ± 

5,345 

69,140 ± 

4,866 

68,450 ± 

3,852 

68,114 ± 

3,313 
0.26 

MTG (ppm/mL) 631 ± 54.7b 611 ± 47.2ᵇ 595 ± 41.6ᵃᵇ 582 ± 35.7ᵃᵇ 576 ± 30.6a 0.05 

Different superscripts within the same column are significantly different at P<0.05. TMRO-silage=total mixed ration-based okara silage; TP: 

temulawak powder; NFE=nitrogen-free extract. TMRO-0=TMRO-silage+0%TP; TMRO-0.25=TMRO-silage+0.25TP; TMRO-0.5=TMRO-

silage+0.5%TP; TMRO-0.75=TMRO-silage+0.75%TP, TMRO-1: TMRO-silage+1%TP. VFA=volatile fatty acid; IVDMD=in vitro dry matter 

digestibility; IVOMD=in vitro organic matter digestibility; MTG=methane per total gas.  

 
 

CONCLUSION  

 

Adding 1% dry matter temulawak powder effectively reduces the risk of protein degradation during the optimal storage of 

total mixed ration-based okara silage (TMRO-silage). It also improves the nutritional characteristics of TMRO-silage. 

Additionally, incorporating 1% temulawak powder enhances in vitro digestibility and protects feed protein from 

deamination. This dosage optimally reduces methane relative to total gas production while increasing total gas 

production. This benefit is likely related to the higher levels of total phenols, flavonoids, and ferric reducing antioxidant 

power (FRAP) in temulawak processed at 65°C. 
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Supporting Information 

ABSTRACT: Fatty acids, particularly ω-3, ω-6, and ω-9 play vital roles in sheep nutrition, but their influence on 

the protective properties of wool grease remained unclear. This study assessed the effects of dietary 

supplementation with an emulsified fatty acid complex on both the qualitative and quantitative 

characteristics of wool surface lipids in adult Prekos ewes and their lambs. The experimental group received 

a water-soluble emulsion containing linoleic, oleic, palmitic, arachidonic, stearic, and α-linolenic acids 

incorporated into the basal diet. Wax content was determined via Soxhlet extraction, and sweat salts were 

measured by aqueous extraction. Lipid classes were separated by thin-layer chromatography, and fatty acid 

profiles were quantified using gas-liquid chromatography. Results indicate a significant increase in wax 

secretion in ewes (P < 0.01) and lambs (P < 0.05), along with a decrease in sweat pH among lambs 

(P < 0.05). In ewe wax, levels of lanosterol (P < 0.01) and esterified cholesterol (P < 0.05) were elevated; lamb 

wax exhibited increases in lanosterol (P < 0.05) and dehydrocholesterol (P < 0.05). Both ewes and lambs 

showed a reduction in polar lipid content (P < 0.05), suggesting diminished accumulation of oxidative 

products. Analysis of fatty acid composition in the ewe group revealed significant increases in cerotic (C26:0; 

P < 0.001), lauric (C12:0; P < 0.01), and oleic (C18:1; P < 0.01) acids. Therefore, dietary inclusion of an 

emulsified fatty acid complex enhances the protective properties of wool grease by modulating wax and fatty 

acid composition, with potential benefits for fiber integrity and resilience. 

Keywords: Emulsified fatty acids; Fleece lipids; Hexacosanoic acid; Sweat secretion; Wool wax. 
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INTRODUCTION   
 

Sheep nutrition is one of the most important factors affecting their productivity (Burezq and Khalil, 2022). Diet is the 

most accessible means by which meat (Costa et al., 2023), milk (Vargas-Bello-Pérez et al., 2021), and wool yield (Chishti 

et al., 2021) can be systematically enhanced, as well as the physicochemical and consequently technological properties 

of wool (Kitaeva et al., 2023). As Li et al. (2024) report, lipids play a crucial role in sheep nutrition; a deficiency leads to 

growth retardation, impaired reproductive performance, reduced productivity, and deterioration of product quality. Alba et 

al. (2021) emphasize that fat digestibility in sheep is high and depends on fat’s physicochemical properties, fatty acid 

composition, and dietary balance. Furthermore, Gelaye et al. (2021) report a significant influence of dietary factors on 

both the quantitative and qualitative parameters of sheep fleece grease. 

Wool grease is the product of the secretory activity in the sebaceous and sweat glands (Aissani et al., 2022). Wool 

grease is the product of secretory activity in the sebaceous and sweat glands (Aissani et al., 2022). Although the precise 

function of sebaceous secretion remains under investigation, it is generally believed to prevent skin dryness, impart 

softness and elasticity to the epidermis, and provide water repellency. The presence of active hydrolytic enzymes 

particularly arylsulfatase in sebaceous secretion suggests additional roles in detoxifying endogenous and exogenous 

compounds, disinfecting the hair-follicle cavity, and potentially participating in the desquamation of cells within the 

follicular sheath (Raghav et al., 2022). 

Wool grease or its purified form, lanolin is widely used in pharmacology and cosmetology (Abou Taleb and El-Sayed, 

2021). Owing to its content of unsaturated fatty acids such as oleic, linoleic, and α-linolenic acids (Cholewinska and 

Michalak, 2018), lanolin exerts a beneficial effect on the skin by forming a protective film on epidermal surface, 

maintaining moisture levels by reducing transepidermal water loss by 20–30% (Souto et al., 2021), thereby preventing 

cracking (Kang et al., 2022).  

Albanell et al. (2018) and Duzelbayeva et al. (2023) describe sheep sebaceous secretions as a complex mixture of 

esters of primary and secondary alcohols alongside free long- and medium-chain fatty acids. The principal constituents 

are esters of cholesterol, lanosterol, and three additional C₃₀ alcohols analogous to lanosterol; minor components include 

cerebrosterol and 25-oxycholesterol, the latter arising via autoxidation (Ruttler et al., 2022). Sweat predominantly 

contains alkali metal salts—chiefly potassium, with lesser sodium—and, under high humidity, the presence of potassium 
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soaps and organic acids renders wool grease a natural detergent (Molik et al., 2023). Wool wax is the sole grease 

component that positively influences wool’s physicochemical properties (Dominguez et al., 2003). By coating fibers with a 

thin layer, wax promotes inter-fiber adhesion forming staples and braids that contribute to a compact fleece. This 

protective coating shields wool from mechanical and botanical contaminants, as well as environmental stressors (e.g., 

solar radiation, precipitation) during growth, storage, and initial processing. Lanolin’s protective efficacy stems primarily 

from its specific lipid composition and the optimal balance among lipid classes (Jenkins and Belsito, 2023).  

Wool quality depends heavily on both the quantity and quality of wax, which vary with breed, individual 

characteristics, husbandry practices, seasonal and climatic conditions, and diet (El-Sayed et al., 2018). Given these 

influences, the present study aimed to investigate the effects of dietary supplementation with an emulsified fatty acid 

complex on the qualitative and quantitative characteristics of sheep wool grease. 

 

MATERIALS AND METHODS 

 

Experimental animals and design 

The study was conducted during the winter stall-housing period on adult Prekos ewes maintained at the Educational 

and Scientific Production Center “Komarnivske,” Stepan Gzhytskyi National University of Veterinary Medicine and 

Biotechnologies, Lviv, Ukraine. Using paired-analogue matching for breed, age, and live weight, two groups of ten ewes 

each were formed: a control group and an experimental group. At the start of the trial, all ewes were in the late gestation 

period; from mid-trial onward, they entered early lactation.  

Following a 10-day adaptation period during which all animals received a basal diet balanced according to 

established feeding standards, a 95-day experimental period commenced. Control ewes continued on the basal diet, 

whereas experimental ewes received, in addition, 3 % (w/w) of a water-soluble fatty acid complex (“Essential Lipid 

Complex,” LLC EcoProFeed, Ukraine; 880 kcal per 100 g). This emulsion comprised linoleic acid (C18:2 ω-6; 54.5 %), oleic 

acid (C18:1 ω-9; 24 %), palmitic acid (C16:0; 10 %), arachidonic acid (C20:4 ω-6; 6 %), stearic acid (C18:0; 4 %), and 

α-linolenic acid (C18:3 ω-3; 1.5 %). It was produced by enzymatic treatment of oils using a lipolytic enzyme complex from 

Bacillus pseudomonas and Bacillus subtilis in the presence of glycolipids and polysaccharides. This supplementation 

increased dietary crude-fat intake by 12 g (from 46.41 g to 58.41 g) in pregnant ewes and by 18 g (from 62.81 g to 

80.81 g) in lactating ewes. 

All animals were group-fed, with daily weighing of the provided feed, and had ad libitum access to water. Feed and 

water intakes were recorded throughout the experimental period. 

 

Sampling 

At the end of the experiment, wool samples including surface grease were collected from the experimental ewes and 

their lambs in the region posterior to the scapula for subsequent biochemical analyses.  

 

Determination of the total amount of wax, sweat, and pH of sweat 

Wool fat (wax) was extracted from fleece samples with tetrachloromethane (Sigma-Aldrich, USA) using a Soxhlet 

apparatus for 5 h (Daly and Carter, 1954). After cooling and phase separation, the extract was evaporated to dryness. The 

residue was dissolved in 10 mL of chloroform–methanol (2:1; Chemico Group, UK/SRP Ltd, Ukraine), and 3 mL of 7.5 % 

potassium chloride solution (Luxion Co., China) was added. Samples were shaken and allowed to separate for 24 h; the 

upper aqueous–methanol layer was removed by suction, and the lower chloroform layer containing lipids was retained for 

analysis. The defatted wool was washed, dried to constant mass, cleared of debris, and weighed. Wax content was 

determined gravimetrically and expressed as a percentage of clean, dry fiber. Sweat salts were extracted aqueously, and 

the pH of the extract was measured using a universal ion-selective meter. 

 

Lipid-class separation by thin-layer chromatography (TLC) 

The lipid extract was re-dissolved in chloroform–methanol (2:1) and applied to 100 × 100 mm silica-gel TLC plates 

(Sorbfil; particle size 90–120 μm). Lipid classes were separated using a mobile phase of petroleum ether–diethyl ether 

(4:1, v/v; Carlo Erba, Italy). After development and drying, plates were sprayed with 50 % sulfuric acid (Alhim, Ukraine) 

and charred at 105 °C. Individual lipid classes were identified by comparison with reference standards (cholesterol, 

stearic acid, lanosterol; Sigma-Aldrich, USA) and published R_f values. 

 

Quantitative determination of individual lipid classes 

 Lipid bands were scraped from the silica, transferred to centrifuge tubes, and treated with 5 mL concentrated 

sulfuric acid. Tubes were mixed thoroughly, heated in a boiling water bath for 20 min, then cooled and centrifuged at 

3,000 rpm for 20 min. The absorbance of the supernatant was measured at 400 nm in a 10 mm path-length cuvette. 

Concentrations of each lipid class were calculated against calibration curves and expressed as percentages of total wax.  
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Determination of the fatty acid composition of wax 

 Surface lipids were converted to fatty acid methyl esters via direct transesterification (Stoffel et al., 1959). 

Separation was performed on a “Chrom-4” GLC (Czech Republic) equipped with a 2,400 mm × 3 mm metal column 

packed with Chromosorb (60–80 mesh) coated with 15 % polyethylene glycol succinate. Operational conditions were: 

column thermostat, 190 °C; injector, 240 °C; airflow, 400 mL/min; carrier gas (N₂), 25 mL/min. Fatty acids were 

identified by comparison to Supelco standard mixtures, and retention times (t_R) were recorded. Individual fatty acid 

percentages were calculated using standard quantitative formulas.  

 

Statistical analysis 

All data were processed using Statistica 12.0 (StatSoft Inc., USA). Results are presented as mean ± SD. Group 

comparisons were made by one-way ANOVA, followed by post-hoc tests for pairwise significance. Differences were 

considered significant at P < 0.05. 

 

RESULTS 

 

The conducted studies (Table 1) first revealed that feeding ewes, a water-soluble complex of fatty acids, leads to a 

significant increase in wax secretion in the experimental animals from 12.21 to 14.89% (P < 0.01). Consequently, the 

wax-to-sweat ratio in grease significantly improved from 1:1.15 in controls to 1:0.96 in treated ewes. No significant 

differences were observed in total sweat content or sweat pH between control and experimental ewes under the 

conditions of this study. 

 

Table 1 - Indicators of grease content of ewe’s fleece of ewes, (х ± SD, n = 4) 

Indicator Control Experiment 

Amount of wax, % 12.21 ± 1.08 14.89 ± 0.37** 

Amount of sweat, % 14.04 ± 0.91 14.26 ± 1.22 

рН of sweat 8.61 ± 0.21 8.43 ± 0.23 

Wax: sweat ratio 1: 1.15 1: 0.96 

SD= Standard deviation; **=Р < 0.01. 

 

The lipid composition of the wax in ewes of the experimental group was altered (Figure 1). Specifically, the nutritional 

factors applied led to a significant increase in esterified cholesterol, from 37.08% to 39.91% (P < 0.05), and lanosterol, 

from 7.36% to 10.65% (P < 0.01), as well as a decrease in polar lipids, from 21.97% to 18.39% (P < 0.05). In contrast, 

the fractions of esterified cholesterol, non-esterified fatty acids, dehydrocholesterol, and squalene did not exhibit 

significant changes. Similar changes observed in the grease of ewes were also found in the grease of their lambs (Table 

2). Specifically, in the experimental group, the wax content significantly increased from 13.50% to 14.99% (P < 0.05). 

This increase, in turn, led to alterations in the wax-to-sweat ratio. In the control group, the ratio was 1:1, while in the 

experimental group, it was 1:0.81. Unlike ewes, in the lambs from the control group, the pH of sweat significantly 

decreased from 7.78 to 7.04 (P < 0.05), while the amount of sweat also showed a tendency to decrease. In the lipid 

composition of the wax in lambs (Figure 2), as observed in ewes, the experimental group exhibited an increase in 

lanosterol, from 7.60% to 9.47% (P < 0.05), and a decrease in polar lipids, from 9.35% to 7.64% (P < 0.05). However, 

unlike ewes, the fraction of dehydrocholesterol in the wax of lambs significantly increased from 11.43% to 13.48% (P < 

0.05). No significant changes were observed in esterified and non-esterified cholesterol, non-esterified fatty acids, or 

squalene in the lambs of the experimental group.  

The fatty acid composition of ewe wax consists of 23 acids, including both saturated and unsaturated, as well as iso-

acids (Figure 3). It is noteworthy that five of these acids have not yet been identified. The fatty acid composition of the 

wax in ewes from the experimental group differs from that of the control group in terms of the content of individual acids. 

Specifically, the experimental group exhibits a significantly higher content of lauric acid (dodecanoic C12:0) (P < 0.01), 

oleic acid (9Z)-octadec-9-enoic C18:1ω9) (P < 0.01), cerotic acid (hexacosanoic C26:0) (P < 0.001), and one unidentified 

acid (P < 0.05), as well as a lower content of linoleic acid (9E,12E)-octadeca-9,12-dienoic C18:2ω6) (P < 0.05). The total 

amount of unsaturated fatty acids in the wax of the control group is 27.92%, while in the experimental group, it is 

13.21%.  

These findings demonstrate that inclusion of a water-soluble fatty-acid complex in the diet of ewes modifies both the 

lipid-class composition and fatty-acid profile of wool grease, with implications for its protective functions and, by 

extension, the physicochemical properties of wool fibers.  
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Figure 1 - Lipid composition of the grease of the ewe’s fleece (М ± SD, n = 4). SD= Standard deviation; *=Р < 0.05, **=Р < 0.01 

 

Table 2 - Indicators of fleece grease of lambs, (х ± SD, n = 4) 

 Indicator Control Experiment 

 Amount of wax, % 13.50 ± 0.77 14.99 ± 0.91* 

 Amount of sweat, %  13.48 ± 0.96 12.10 ± 1.49 

 рН of sweat 7.78 ± 0.23 7.04 ± 0.50* 

 Wax : sweat ratio 1: 1 1: 0.81 

SD= Standard deviation; *=Р < 0.05 

 

 

 
Figure 2 - Lipid composition of the wool grease wax of lambs, (М ± SD, n = 4). SD= Standard deviation; *=Р < 0.05. 
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Figure 3 - Fatty acid composition of the grease wax of the ewe’s fleece, (М ± SD, n = 3). SD= Standard deviation; *=Р < 0.05, **=Р 

< 0.01, ***=Р < 0.001. 

 
DISCUSSION 

 

Enhancing the productivity and quality of sheep products depends largely on balanced nutrition, particularly the provision 

of optimal energy levels, which profoundly influence metabolic processes (Hervás et al., 2021; Oualyou et al., 2024). In 

recent years, researchers in small‐ruminant nutrition have increasingly focused on improving feeding efficiency 

(Dijkstra et al., 2025). Alba et al. (2021) highlight that, given the diverse demands of sheep for meat, milk, and wool 

production, high‐energy feeds are critical. Tajonar et al. (2023) emphasize the essential role of unsaturated fatty acids, 

noting that their deficiency disrupts phospholipid metabolism, impairs membrane binding capacity and fluidity, and 

compromises lipoprotein formation and lipid transport. 

Despite extensive research on energy‐dense supplements, data remain scarce regarding the effects of ω-3, ω-6, and 

ω-9 fatty acids on the protective properties of sheep fleece grease. To address this gap, we supplemented the basal diet 

of ewes with a water-soluble fatty acid complex containing both saturated (palmitic C16:0; stearic C18:0) and 

unsaturated acids linoleic (C18:2 ω-6), oleic (C18:1 ω-9), arachidonic (C20:4 ω-6), and α-linolenic (C18:3 ω-3). Rumen 

fermentation hydrogenates these unsaturated acids to saturated forms, reducing methane production and mitigating the 

risk of acute tympany (Yang et al., 2022). 

Wool grease secreted by sebaceous glands as lanolin plays a vital role in maintaining fiber integrity by preventing 

moisture ingress (Molik and Potocka, 2019; Lis, 2024; Meng et al., 2025). Present findings demonstrate that dietary 

inclusion of the lipid complex significantly increased wax content in both ewes (P < 0.01) and their lambs (P < 0.05), 

improving the wax‐to‐sweat ratio. A wax-to-sweat ratio of less than 1: 1 corresponds to superior protective properties. 

Additionally, lambs in the experimental group exhibited a trend toward reduced sweat volume accompanied by a 

significant decrease in sweat pH (P < 0.05). As we reported previously, elevated sweat concentrations, particularly under 

alkaline conditions accelerate wax degradation (Tkachuk et al., 2024). 

The findings of Johnson et al. (2023) indicate that lanolin’s qualitative characteristics depend primarily on its specific 

lipid composition. Present results corroborate this assertion: experimental ewes exhibited significant increases in 

lanosterol (P < 0.01) and esterified cholesterol (P < 0.05), while their lambs showed elevated levels of lanosterol 

(P < 0.05) and dehydrocholesterol (P < 0.05), accompanied by a decrease in polar lipids (P < 0.05). The reduction in polar 

lipids may reflect diminished accumulation of oxidative products. 
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Regarding the fatty acid profile of the surface lipids of wool, the amount of oleic acid (9Z)-octadec-9-enoic C18:1ω9) 

in the ewes of the experimental group significantly increased (P < 0.01). This is consistent with the fact that the water-

soluble lipid complex contains 24% of this acid. However, the observed decrease in linoleic acid (9E,12E)-octadeca-9,12-

dienoic C18:2ω6) (P < 0.05), despite its 54.5% presence in the complex, remains somewhat unclear. In the wax of the 

animals in the experimental group, an increase in lauric acid (dodecanoic C12:0) (P < 0.01) and, particularly, cerotic acid 

(hexacosanoic C26:0) (P < 0.001) was observed, with cerotic acid being the most abundant of all fatty acids. Notably 

cerotic acid plays a crucial role due to its antimicrobial properties (Singh and Singh, 2003; Rehan et al., 2020), 

functioning as a natural disinfectant within the fleece. Although five of the twenty-three identified fatty acids remain 

uncharacterized, one of these unknowns increased significantly under dietary treatment (P < 0.05). Changes in the 

fatty-acid composition reduced the proportion of unsaturated acids to 13.21 % in the experimental group versus 27.92 % 

in controls. This shift likely enhances oxidative stability, as higher unsaturated-acid content correlates with increased 

susceptibility to peroxide oxidation (Cao et al., 2024). 

Therefore, dietary inclusion of a fatty acid emulsion enhances the protective properties of sheep wool grease by 

increasing total wax content and optimizing its lipid and fatty acid composition. 

 
CONCLUSION 

 

Dietary supplementation of ewes with a water-soluble fatty acid complex increased the secretion of wool surface lipids, 

resulting in an improved wax-to-sweat ratio; in lambs, sweat pH also decreased. The lipid composition of wool wax shifted, 

with a reduction in polar lipids in both supplemented ewes and their offspring—likely reflecting lower accumulation of 

oxidation products. Enhanced protective properties of wool grease in the experimental group were evidenced by elevated 

levels of lanosterol, esterified cholesterol, and dehydrocholesterol. The fatty acid profile of experimental ewes’ wax was 

characterized by higher concentrations of oleic acid (C18:1 ω-9), lauric acid (C12:0), and notably cerotic acid (C26:0); the 

latter, owing to its antimicrobial activity, may serve as a natural disinfectant within the fleece. Overall, these findings 

demonstrate that dietary inclusion of a fatty acid emulsion enhances the protective functions of wool grease, with positive 

implications for fleece quality. However, the current study does not fully address the impact of these nutritional 

interventions on the physicochemical and technological properties of wool fibers, highlighting avenues for future research. 
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ABSTRACT: The nutritional value of a feedstuff depends not only on its chemical composition but also on the 

capacity of ruminal microbes to colonize and degrade it. This study compared the in sacco degradation 

kinetics of four legume forages (Moringa oleifera, Leucaena leucocephala, Indigofera and Gliricidia sepium)  

using three rumen fistulated goats in a 4×3 completely randomized design (CRD). Seventy-two nylon bags (10 

× 5 cm, 40–50 μm pore size) containing 5 g of each forage (ground to 2 mm) were incubated for 4, 8, 12, 24, 

48, or 72 hours (12 bags per time point). The study determined the soluble fraction (a), potentially degradable 

fraction (b), total degradable fraction (a+b), degradation rate constant of fraction b (c), lag time (Lt), degradation 

effectiveness (DE), and rumen undegradable protein (RUP). The results of CP degradation revealed no 

significant differences among forages in fractions a, b, or a + b, but fraction c, Lt, DE, and RUP differed 

significantly. The degradation rate (c, h⁻¹) of crude protein ranked as Moringa (0.17) > Leucaena (0.09) = 

Indigofera (0.09) > Gliricidia (0.03), while Lt was shortest for Moringa (3.60 h) and longest for Gliricidia 

(11.96 h). Moringa and Indigofera exhibited the highest DE and lowest RUP of all treatments. Similar trends 

were observed for crude fiber: Moringa showed the greatest DE (26.72% Lt) compared to Leucaena (18.76 h 

Lt). In conclusion, all four legumes were efficiently degraded in the goat rumen, through the rate and extent 

of degradation varied markedly among species, reflecting differences in their biochemical composition and 

structural carbohydrates.  

Keywords: Crude Fiber, Crude Protein, Degradation Characteristics, Goat, Legumes 
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INTRODUCTION   
 

Feed is one of the main factors influencing livestock production and its economic efficiency. Forage is often provided as a 

combination of grasses and legumes to complement the nutritional requirements of ruminants (Phelan et al., 2015; 

Richards et al., 2021). Primary forages comprise grasses and legumes, which supply essential nutrients such as crude 

protein and crude fiber (Katoch et al. 2022). 

A quality feed ingredient, depends not only on its nutritional composition but also on the capacity of rumen microbes 

to adapt and degrade it; degradation efficiency—particularly of lignin—strongly influences overall digestibility (Suhartanto 

et al, 2000; Humer and Zebeli, 2017). Feed degradation refers to the fraction of feed that is solubilized and fermented by 

rumen microbes, thereby supplying nutrients to the host animal (Orskov and McDonald, 2009). 

Evaluation of feed ingredient degradation in ruminants can be done by the in sacco method, where ground feed is 

enclosed in nylon bags and incubated in the rumen for defined intervals to assess degradation kinetics (Reis et al., 2017). 

Feed degradation value can be predicted from the in sacco feed degradation characteristic value (Akhirany et al. 2013; 

Babangida et al., 2021). The in sacco method allows precise determination of the time-dependent degradation rate of the 

feedstuffs (Wati et al., 2012) and enables direct measurement of ruminal degradability under physiological conditions 

(Harfiah, 2009). Thus, the quality of a feed ingredient can be determined from the nutritional content it has, so it is very 

important to know the quality of protein and crude fiber content in Moringa oleifera, Leucaena leucocephala, Indigofera 

and Gliricidia sepium. This study therefore aimed to characterize the in sacco degradation kinetics—rate, extent, and lag 

time—of these four legume forages.  

The selected forages including Moringa oleifera, Leucaena leucocephala, Indigofera and Gliricidia sepium offer 

advantages over grasses, notably higher crude protein content and improved nutritional value, which can enhance growth, 

production, and reproductive performance in ruminants.  

 

MATERIALS AND METHODS 

 

Ethical approval 

Experimental procedures on live animals were conducted in compliance with animal welfare principles and were 

approved by the Health Research Ethics Committee of Hasanuddin University Makassar: Approval No. 

150/UN4.6.4.5.31/PP36/2024 prior to the commencement of the study. 
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Experimental animals and diets 

The study was conducted from April to May 2024 at Hasanuddin University in Makassar, Indonesia. The method used 

was a 4×3 Completely Randomized Design (CRD) involving three rumen-fistulated goats (n=3) aged 1.5-2.0 years, with an 

average body weight of 21-25 kg. The animals received the same diet, Moringa oleifera, Leucaena leucocephala, 

Indigofera and Gliricidia sepium, and bran, each offered to satisfy 3% of the initial body weight (BW) on a dry-matter basis, 

provided twice daily (morning and evening), with water available ad libitum throughout the study.  

 

Experimental design 

This study evaluated four leguminous forages in the rumen of goats over incubation periods of 4, 8, 12, 24, 48, and 

72 hours, to determine their degradation kinetics and nutritional quality. The experiment employed a 4 × 3 completely 

randomized design (CRD) with four treatments and three replicates. Each goat received  four nylon bags—one per forage 

species (Moringa oleifera, Leucaena leucocephala, Indigofera, and Gliricidia sepium) resulting in 12 nylon bags per 

incubation time. A total of 72 nylon bags were used across six incubation periods (4, 8, 12, 24, 48, and 72 hours). Each 

bag measured 10×5 cm and had a porosity of 40-50 μm. For each incubation time, four bags were placed in the rumen of 

each fistulated goat. The feed ingredients tested were as follows: L1, Moringa (Moringa oleifera); L2, Leucaena (Leucaena 

leucocephala); L3, Indigofera; and L4, Gliricidia (Gliricidia sepium), all harvested 70 days after the previous cutting. The 

legume foliage was oven-dried at 60 °C for five days, ground to a particle size of approximately 2 mm, and then subjected 

to proximate analysis (AOAC, 1995). Five grams of each ground feed sample were placed into individual nylon bags and 

incubated in the rumen of goats for the designated times. After incubation, the bags were removed, drained, and dried in 

an oven at 60 °C for 48 hours. The overall trial duration was approximately 14 days, during which each animal received a 

diet consisting of 70% elephant grass, 20% legume, and 10% rice bran. 

The crude protein content of the feed samples, both before and after incubation, was determined by proximate 

analysis using the Kjeldahl method (AOAC, 2001) at the Feed Chemistry Laboratory, Faculty of Animal Husbandry, 

Hasanuddin University. The loss of crude protein recovered from each nylon bag after incubation reflects ruminal 

degradation and is used to calculate feed protein degradation by forage type and incubation time. Degraded crude protein 

(CP) in each sample is calculated by comparing its initial and final CP contents. The percentage losses of crude protein 

and crude fiber (CF) are calculated as follows: % CP Loss = (% CP Initial x Initial Sample Weight) - (% CP Final × Final 

Sample Weight), while the formula for calculating the percentage of crude fiber (CF) is % CF Loss = (% CF Initial × Initial 

Sample Weight) - (% CF Final × Final Sample Weight). 

Furthermore, the crude protein and crude fiber lost during the incubation period were used to measure the value of Y 

by calculating the values of a, b, c and a+b which were entered into the exponential equation according to Ørskov and 

McDonald (1979) as follows:  

Y = a + b (1-e-ct) 

The characteristic values of CP, CF, and ED degradation in feed can be calculated by the following formula:  

DE = a+[(bxc)]/[(c+k)] 

which Y = Feed degradation by rumen microbes at time t (incubation time); DE = degradation effectiveness, a = 

soluble feed fraction; b = feed fraction with potential for degradation; c = Degradation rate of fraction (b); a + b = Total 

degradation potential, including material that escapes the bag without being degraded; K = constant 0.05/hour, (Srakaew 

et al., 2021). Proteins that is degraded in the rumen perfectly is called rumen degradable protein (RDP), and proteins that 

cannot be degraded are called Rumen Undegradable Protein (RUP) of each sample calculated by the following equation: 

RUP = 100% - RDP (Terefe et al., 2022). Degradation curves and patterns of feed degradation in the goat rumen, 

determined by the in sacco method, were analyzed using the Neway program (Ismartoyo, 2011). 

 

Statistical analysis 

The data were analyzed as a 4 × 3 completely randomized design (CRD) with four treatments and three replicates. 

Each incubation period (4, 8, 12, 24, 48, and 72 h) employed 12 nylon bags, for a total of 72 bags. Degradation 

characteristics of the legumes were evaluated by generating degradation curves using SPSS Version 16.0 and Microsoft 

Excel 2010. Significant differences among treatments were determined by Duncan’s multiple range test (Gaspersz, 

1991). 

 

RESULTS AND DISCUSSION 

 

Feed nutrient content  

The feed provided to the animals was analyzed for nutrient content at the Feed Chemistry Laboratory, Faculty of 

Animal Husbandry, Hasanuddin University. Table 1 presents the nutrient composition of the diets used in this study. High-

quality feed contains a complete spectrum of nutrients to satisfy goats’ requirements for maintenance, growth, and 

production (Roy and Rana, 2024). Feed quality is largely determined by its protein and energy contents (Ullah-Khan et al., 

2019; Rouillé et al., 2023), and a balanced nutrient profile promotes optimal livestock performance. 
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Table 1 - Feed nutrient content 

Nutrient content 
Moringa  

oleifera 

Leucaena  

leucocephala 
Indigofera 

Gliricidia  

sepium 

Dry matter (%) 16.14 21.4 24.67 23.54 

Organic matter (%) 83.28 85.23 86.65 87.29 

Crude protein (%) 32.70 25.63 29.50 22.79 

Crude fiber (%) 13.95 20.52 20.06 23.43 

Crude fat (%) 3.03 2.25 2.22 2.12 

Ash (%) 16.72 14.77 13.35 12.71 

NFE (%) 33.60 36.83 34.86 38.94 

NDF (%) 23.38 39.00 30.99 43.48 

ADF (%) 15.13 33.75 23.74 35.42 

Cellulose (%) 10.93 14.61 16.52 15.72 

Hemicellulose (%) 8.25 5.25 7.25 8.06 

Lignin (%) 3.88 18.98 7.11 19.52 
Feed Chemistry Laboratory Analysis Results, Faculty of Animal Husbandry, Hasanuddin University 2024; NDF: Neutral detergent fiber, ADF: Acid 

detergent fiber, NFE: Nitrogen free Extract. 

 

Table 2 - The average percentage (±SEM) of Crude Protein degradation at each incubation period 

Incubation 

period (Hours) 

Moringa  

oleifera (%) 

Leucaena 

leococephala (%) 
Indigofera (%) 

Gliricidia  

sepium (%) 
P-values 

4 37.71±3.94 6.33±3.25 33.77±8.82 16.72±1.03 NS 

8 58.93±4.03
a 18.79±6.03b 47.37±2.64

a
 22.69±2.27

b
 P < 0.001 

12 69.07±1.79
a
 38.32±11.89

b
 53.96±4.00

a
 27.87±0.79

b
 P < 0.001 

24 73.16±1.38
a
 54.80±4.67

b
 65.57±1.64

ab
 47.60±3.36

c
 P < 0.001 

48 77.45±1.41
a
 62.41±1.57

b
 68.62±2.03

ab
 63.42±4.42

b
 P < 0.001 

72 86.32±2.41
a
 71.20±2.17

b
 71.99±3.23

a
 68.15±5.46

b
 P < 0.001 

a,b,c,d: Means in the same row with different superscripts differ significantly (P<0.05); NS: not significant; SEM: Standard error of the mean. 

 
Crude protein degradation 

The quality of a feed ingredient is reflected in its nutritional composition, particularly its crude protein content, which 

supports livestock productivity. In ruminants, the evaluation of feed ingredients extends beyond protein concentration to 

include fermentability and resistance to degradation in the rumen (Iommelli et al., 2022).  

Protein degradation kinetics are therefore critical for assessing the nutritional value of dietary proteins. Using the in 

sacco method, crude protein degradation in the rumen is quantified by placing feed samples in nylon bags and incubating 

them for 4, 8, 12, 24, 48, and 72 hours. The resulting percentages of crude protein degradation are presented in Table 2. 

Table 2 shows that the four legume types differenced (P < 0.05) at each incubation time, likely due to variations in 

their structural characteristics, protein content, and fiber composition. After 4 h, Moringa exhibited the highest crude 

protein degradation (37.71 %), followed by Indigofera (33.77 %), Gliricidia (16.72 %), and Leucaena (6.33 %). Suhartanto 

et al. (2000) reported that feed degradation by rumen microbes is influenced by the nutrient composition of the 

substrate—particularly lignin content—which affects overall digestibility. At 8, 12, 24, 48, and 72 h, degradation values 

also differed significantly (P < 0.05) among the feeds. Duncan’s multiple range test revealed that, after 72 h, Moringa 

again showed the highest degradation (86.32 %), followed by Indigofera (71.99 %), Leucaena (71.20 %), and Gliricidia 

(68.15 %). These findings are consistent with Akhirany et al. (2013), who observed peak degradation of fibrous forages at 

72 h. Throughout the 8–48 h incubations, Moringa and Indigofera consistently degraded more rapidly than Leucaena and 

Gliricidia. As shown in Table 1, Leucaena and Gliricidia have lower crude protein contents (25.63 % and 22.79 %, 

respectively) compared to Moringa (32.70 %) and Indigofera (29.50 %), which likely contributed to their reduced 

degradation values. Hartadi et al. (2008) noted that differences in the potentially soluble fraction and the degradation 

rate of the potentially degradable fraction are affected by feed nutrient composition, rumen residence time, and substrate 

availability for microbial activity. 

 

Crude protein degradation curve  

Figure 1 presents the in sacco crude protein degradation curves for the four legumes at incubation times of 4, 8, 12, 

24, 48, and 72 hours. The degradation kinetics demonstrates a progressive increase in crude protein loss with longer 
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incubation. The most pronounced increase occurs between 4 and 12 hours, after which degradation rates begin to 

plateau between 24 and 72 hours as the available substrate in the rumen diminishes (Jiang et al., 2020). Low measured 

crude protein can result from microbial breakdown: rumen microbes hydrolyze feed proteins into amino acids, which are 

further deaminated into ammonia and other small compounds, thus reducing the recoverable protein fraction (Pranoto et 

al., 2013). Microbial proteolytic activity therefore lowers the crude protein content over time. Our results indicate that 

longer rumen incubation times correspond to higher crude protein degradation, reflecting progressive substrate utilization 

by rumen microbes. Among the four legumes tested, Moringa exhibited the highest degradation curve, while Gliricidia 

showed the lowest, consistent with its comparatively lower initial protein content. This observation aligns with Puastuti et 

al. (2015), who reported that feeds with higher protein concentrations are degraded more rapidly by rumen microbes.  

 

      
 

      
Figure 1 - Crude protein (CP) degradation curves of Moringa (Moringa oleifera), Leucaena (Leucaena leucocephala), 

Indigofera, Gliricidia (Gliricidia sepium). 

 
Degradation characteristics of crude protein 

The in sacco method evaluates protein degradation by incubating feed samples directly in the rumen. This approach 

also characterizes degradation parameters, including the soluble fraction (a), the potentially degradable but non-soluble 

fraction (b), and the degradation rate of fraction b (c). The crude protein degradation characteristics for the four diets are 

presented in Table 3. Table 3 shows that fraction (a) did not differ significantly among the four legumes (P > 0.05). 

Fraction (a) reflects the truly soluble portion of the feed that dissolves readily in the rumen and during initial washing 

(Wati et al., 2012). Duncan’s multiple range test indicated that Moringa had the highest fraction a (39.59 %), followed by 

Indigofera, Leucaena, and Gliricidia, confirming Moringa’s superior solubility and Gliricidia’s relative resistance. Katongole 

et al. (2021) noted that a high soluble CP fraction in forages is often associated with low acid detergent fiber (ADF) 

content. Moreover, lignin, which cannot be degraded by rumen microbes, substantially reduces cell-wall degradability 

(Hatfield and Kalscheur, 2020; Wang et al., 2022). Fraction b represents the potentially degradable but insoluble protein 

fraction. Statistical analysis indicated no significant differences in fraction b among the four legumes (P > 0.05). This 

fraction is expected to consist of amino acid–rich proteins that escape ruminal degradation and are absorbed in the 
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intestine. Duncan’s multiple range test ranked fraction b as follows: Gliricidia (43.45 %) > Moringa (41.14 %) > Leucaena 

(36.47 %) > Indigofera (32.82 %). La Goffe (1991, cited in Widyobroto et al., 1995) noted that such proteins are often 

bound to fibrous cell-wall components, rendering them resistant to enzymatic attack. This resistance may also reflect 

tannin–protein complex formation, which reduces ruminal protein degradation (Min et al., 2003; Patra & Saxena, 2010). 

The degradation rate constant (c) quantifies the rate at which fraction b is degraded. Here, c differed significantly among 

legumes (P < 0.05). Moringa exhibited the highest rate (0.17 h⁻¹), followed by Leucaena (0.09 h⁻¹), Indigofera (0.09 h⁻¹), 

and Gliricidia (0.03 h⁻¹). Higher c values indicate greater microbial accessibility and faster degradation, influenced by cell‐

wall composition and substrate availability (Van Soest, 1994; Wati et al., 2012). Noviandi et al. (2021) further 

emphasized that nutrient composition, incubation time, and cell‐wall content modulate both the soluble fraction and the 

degradation rate of the potentially degradable fraction. The low c value in Gliricidia may result from its specific cell‐wall 

constituents (Aye and Adegun, 2013). Lag time—the interval before the onset of measurable degradation—also differed 

significantly (P < 0.05). Duncan’s test identified Gliricidia as having the longest lag time (11.96 h), indicating that its 

proteins require more time to become accessible to rumen microbes. 

 

Effectiveness of crude protein degradation 

Feed degradation effectiveness (DE) —which integrates the soluble fraction (a), the potentially degradable fraction (b), 

and the degradation rate of fraction b (c)—varied significantly among the four legume species (P < 0.05). Moringa 

exhibited the highest DE (64.99 % ± 7.80), closely matching the 64.29 % reported by Sumadi et al. (2017). Leucaena’s DE 

was 50.62 % ± 1.49, similar to values of 50.74 % (Sumadi et al., 2017) and 55.61 % (Yustisiana and Kustantinah, 2011). 

Indigofera showed a DE of 59.72 % ± 1.76, higher than the 48.00 % observed by Syamsi et al. (2022). Gliricidia’s DE was 

49.83 % ± 0.28, differing from previously reported values of 66.14 % (Hadi et al., 2011) and 47.00 % (Syamsi et al., 

2022). These discrepancies likely reflect differences in cell‐wall composition, plant maturity, and cutting age, all of which 

influence forage nutrient profiles. Suhartanto et al. (2000) emphasized that feed degradability is strongly affected by 

nutrient composition—particularly lignin content—which constrains microbial access and digestibility in the rumen. 

 

Crude fiber degradation 

The in sacco method was used to assess crude fiber degradation in the rumen by incubating feed samples in nylon 

bags for 4, 8, 12, 24, 48, and 72 hours. Table 4 presents the percentages of crude fiber degradation obtained by this 

method. Analysis of variance indicated that, at 4 hours of incubation, crude fiber degradation did not differ significantly 

among the four legumes (P > 0.05); the ranked order was Gliricidia > Indigofera > Moringa > Leucaena. This ranking likely 

reflects inherent differences in fiber content and composition. At 8, 12, 24, 48, and 72 hours, degradation values differed 

significantly among the legumes (P < 0.05). After 72 hours, Gliricidia showed the highest degradation (54.92 %), followed 

by Leucaena (54.13 %), Moringa (53.41 %), and Indigofera (52.23 %). These losses during ruminal incubation are 

assumed to represent the proportion of crude fiber digestible by rumen microbes. 

 

Crude fiber degradation curves 

The crude fiber loss of the tested feed during incubation periods of 4, 8, 12, 24, 48, and 72 hours is presented in the 

corresponding table, while the degradation curves or patterns— distinguished by smooth and jagged lines—are illustrated 

in Figure 2. The peak of fiber degradation occurred at 72 hours of incubation, as shown in Figure 2.  According to Orksov 

et al. (1980), the optimal rumen incubation time for fibrous feed ranges from 48 to 72 hours. This is supported by Suparjo 

(2010), who stated that incubation intervals of 12, 24, 48, and 72 hours are most appropriate for fibrous feeds. These 

findings suggest that the 24–72 hour period provides optimal conditions for rumen microbes to interact with and degrade 

the incubated feed substrate (Ambar and Djajanegara, 1982).   

 

Degradation characteristics of crude fiber 

The in sacco method characteristics feed degradation by estimating the soluble fraction (a), the potentially 

degradable fraction (b), and the degradation rate of fraction b (c). These parameters for the forage feeds are presented in 

Table 5. Fraction a represents the truly soluble cell contents. Analysis of variance indicated no significant differences in 

fraction (a) among the feeds (P > 0.05), reflecting similar water‐solubility profiles. Feedstuffs with low water solubility 

dissolve and degrade less readily in rumen fluid, corresponding to lower quality. According to Duncan’s test, Gliricidia had 

the lowest mean fraction a (30.02 %), while Moringa had the highest (39.59 %). Regression analysis showed that fraction 

(a) was not significantly correlated with fraction b or c (P > 0.05), suggesting that the soluble cell components measured 

in fraction a do not predict the quantity or rate of the potentially degradable fraction. Factors influencing fraction a are 

therefore limited to the water‐soluble constituents of the plant cells (Van Soest, 1982; Lestari et al., 2012) Differences in 

nutrient composition among feeds also affect degradability. The high fraction (a) of streptokinase (SK) in legumes reflects 

their neutral detergent fiber (NDF) and hemicellulose contents. A greater hemicellulose-to-crude-fiber ratio enhances 

forage quality (Parakkasi, 1998). This concurs with Tillman et al. (1991), who reported that SK degradation is strongly 

influenced by crude fiber content and by fiber constituents such as cellulose, hemicellulose, and lignin.  
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Table 3 - Degradation characteristics crude protein (average ±SEM) 

                                                   Feed 

Degradation Characteristics 

Moringa  

oleifera 

Leucaena 

leococephala 
Indigofera 

Gliricidia  

Sepium 
P-values 

a (%) 39.59±0.30 32.11±0.30 38.13±0.30 30.02±0.30 P<0.001 

b (%) 41.14±2.42 36.47±4.81 32.82±2.50 43.45±6.25 NS 

c (%/h-1) 0.17±0.05a 0.09±0.02ab 0.09±0.03ab 0.03±0.03b P<0.001 

a+b (%) 80.73±2.42 68.89±5.10 70.95±2.50 73.47±6.25 NS 

Lt (hour) 3.60±0.95b 10.90±2.05a 6.03±0.84b 11.96±1.02a P<0.001 

DE (%) 64.99±4.50a 50.62±0.86b 59.72±0.78a 49.83±0.16b P<0.001 

RUP (%) 35.01±4.50 40.28±0..86 40.28±0.78 50.17±0.16 P<0.001 

a: soluble fraction, b: potential degradation fraction, a+b: total potential degradation, c: degradation rate of fraction, lt: lag time, de: degradation 

effectiveness, rup: rumen undegradable protein. Different superscripts in the same row indicate significant differences (P<0.05). SEM: 

Standard error of mean. 

 

Table 4 - The average percentage (±SEM) of Crude fiber degradation of legume forages at each incubation period 

Incubation 

period (Hours) 

Moringa  

oleifera (%) 

Leucaena 

leococephala (%) 
Indigofera (%) 

Gliricidia  

sepium (%) 
P-values 

4 11.97±4.517 10.19±4.48 13.16±3.54 17.01±1.33 NS 

8 22.41±0.91a 17.27±4.15ab 20.78±1.87a 20.76±1.76ab P<0.001 

12 26.94±0.75b 27.53±4.47ab 31.00±4.50a 24.92±1.44b P<0.001 

24 41.02±3.57a 38.34±4.83c 39.86±2.05b 36.79±1.84d P<0.001 

48 44.51±2.43b 46.24±3.60ab 43.44±1.69b 46.48±4.20a P<0.001 

72 53.41±4.66b 54.13±0.77a 52.23±1.52b 54.92±5.20a P<0.001 

a,b,c,d, : Means in the same row with different superscripts differ significantly (P<0.05); NS: not significant; SEM: Standard error of  the mean. 

 

      
 

      
Figure 2 - Crude fiber (CF) degradation curves of Moringa (Moringa oleifera), Leucaena (Leucaena  leucocephala), Indigofera, 

Gliricidia (Gliricidia sepium). 
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Fraction (b) represents the slowly degradable feed fraction. Statistical analysis revealed no significant differences in 

fraction (b) among the four forages (P > 0.05), likely reflecting similar structural carbohydrate contents (NDF and ADF). 

Duncan’s test ranked fraction b as follows: Gliricidia (32.11 %) > Leucaena (26.71 %) > Moringa (18.60 %) > Indigofera 

(12.38 %). The variability in this fraction correlates with the fiber composition of each forage (Wati et al., 2012). Chemical 

analysis showed the following ADF and NDF contents: Moringa, 15.13 % ADF and 23.38 % NDF; Leucaena, 33.75 % ADF 

and 39.00 % NDF; Indigofera, 23.74 % ADF and 30.99 % NDF; Gliricidia, 35.52 % ADF and 43.48 % NDF. As noted by 

Lopez et al. (2000) and Van Soest (1994), ADF and NDF levels can strongly influence forage digestibility. Moreover, fiber 

fractions bound by lignin resist microbial attack (Harfiah et al., 2009), and high lignin content further impedes ruminal 

degradation (Zhong et al., 2021). 

The constant c describes the degradation rate of fraction b in the feed. Statistical analysis indicated no significant 

differences in c among the four legumes (P > 0.05). The highest fiber degradation rates were observed in Moringa and 

Indigofera (0.05 % h⁻¹), followed by Leucaena (0.04 % h⁻¹), with Gliricidia exhibiting the lowest rate (0.02 % h⁻¹). A lower 

degradation rate constant can correspond to higher overall in sacco digestibility, as reported by Rasjid and Ismartoyo 

(2014). Degradation speed is influenced by the degradability of cell‐wall constituents (Van Soest et al., 1982). Variations 

in the parameters a, b, c, and effective degradability (ED) among the legume forages likely reflect differences in their 

nutrient and cell‐wall compositions (Hadi et al., 2011). Gharechahi et al. (2023) noted that both inter‐ and intra‐species 

differences in plants result in varying proportions of cellulose, hemicellulose, and lignin. Lag time (t) represents the period 

required for rumen microbes to adapt to the feed substrate. Analysis of variance indicated no significant differences in lag 

time among the feeds tested (P > 0.05). However, Duncan’s multiple range test showed that Moringa exhibited the 

longest lag time, whereas Gliricidia had the shortest. 

 

Effectiveness of crude fiber degradation 

Feed degradation (DE) effectiveness integrates the soluble fraction (a), the potentially degradable fraction (b), and the 

degradation rate of fraction b (c) to estimate the proportion of feed that is digested. Crude fiber DE did not differ 

significantly among the four legumes (P > 0.05). Moringa exhibited the highest DE (43.98 % ± 2.87), followed by 

Indigofera (42.39 % ± 1.24), Leucaena (40.52 % ± 1.80), and Gliricidia (39.37 % ± 3.48), although these differences were 

not statistically significant. Feed DE is influenced by factors such as species, plant maturity, lignification level, and rumen 

incubation time. Moringa’s superior DE likely reflects its lower crude fiber content, since cellulose and hemicellulose 

bound to lignin are resistant to microbial and enzymatic attack, reducing digestibility (Komar, 1984; Tillman et al., 1998). 

Pangestu (2005) similarly noted that fiber composition and lignin associations vary among forages, leading to differential 

degradation in the digestive tract. According to Mehrez and Orskov (1977), DE depends on fractions (a) and (b), the 

degradation rate c, and the feed passage rate. Liyama and Lam (2001) further emphasized that degradation 

characteristics vary with plant part, age, and lignification, reflecting intrinsic feedstuff properties. 

 
CONCLUSION 

 

The degradation kinetics of crude protein in the four legumes over 4, 8, 12, 24, 48, and 72 hours of ruminal incubation 

are summarized as follows: Moringa (c = 0.17 h⁻¹; lag time = 3.60 h; DE = 64.99 %), Leucaena (c = 0.09 h⁻¹; lag time = 

10.90 h; DE = 50.62 %), Indigofera (c = 0.09 h⁻¹; lag time = 6.03 h; DE = 59.72 %), and Gliricidia (c = 0.03 h⁻¹; lag time = 

11.96 h; DE = 49.83 %). All four forages are readily degraded by rumen microbes, although they require varying 

adaptation periods before reaching maximal degradation. Overall, longer incubation times correspond to higher 

degradation extents. 
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ABSTRACT: The poultry farming world-wide face many challenges that adversely affects the production 

proficiency. Finding the optimal balance humans and the automation efficiency is crucial to obtain a 

maximum profit. Besides, improving of poultry welfare and production efficiencies necessitate some 

advanced modern technologies. The application of artificial intelligence (AI) and data-driven systems is 

regarded as an innovative solution to address many farm management problems. By the integration of AI, the 

industry has the opportunity to grow in terms of production quantity and poultry care quality with minimal 

added expense. Types of AI technology in poultry farms include machine learning techniques and robots. The 

machine learning technique decreases the need for big labeled data for training and helps in the transfer of 

knowledge, fast training, and better generalization on new tasks to enhance the performance parameters. 

This technique has different approaches such as Support Vector Machine, Single Shot MultiBox Detector, and 

Convolutional Neural Network that have a potential to reduce the labor and time and offer promising 

solutions for the rapid warning and accurate identification and differentiation of problems associated with 

poultry health. Moreover, innovative robots have been applied in poultry farms for monitoring, management, 

and environmental control as well as exploring of social dynamics. They are used in poultry farms for 

collections of eggs carcasses and eggs and transportation and slaughtering. Collectively, AI programs could 

be applied in poultry production for controlling environmental conditions, monitoring some behavioral 

conditions such as feeding, preventing some diseases, and correction of the hazardous usage of antibiotics 

with combating the increased incidence of antimicrobial resistance, and finally aiding in the rapid treatment. 

Therefore, this review highlights the types of AI models and their potential applications in poultry production. 

Keywords: Antimicrobial resistance, behavior, diseases, environment, machine learning technique, poultry 
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INTRODUCTION   
 

Recently, the poultry production systems have faced significant obstacles resulted from the different infectious and non-

infectious causes. These challenges have induced adverse economic losses in the production and posed important threats 

to the health of humans. Thus, through monitoring and controlling of such conditions have become a critical issue for the 

poultry producers. Conventional methods that have been used for handling of these problems are often unreliable, labor-

intensive, and time-consuming. Therefore, there is a crucial necessity for more efficient and accurate methods to monitor 

and control of such conditions. 

The developed automated farm management strategies can monitor the environment as well as the physiological 

and behavioral characteristics, and provide essential benefits to maximize bird’s welfare and minimize production losses. 

The application of smart technology tools in poultry farming is promising and helps in evaluation of huge data, monitoring 

flocks, optimizing environmental conditions, detecting diseases, and enabling the farmers to make data-driven decisions 

to achieve sustainable growth in their businesses (Sharma and Patil, 2018). The previous studies showed the importance 

of AI technology applications in the poultry farming using advanced sensors, automation technology, internet of things, 

big data analysis, robotics, and transportation (Ren et al., 2020; Abbas et al., 2022; Park et al., 2022; Wu et al., 2022). 

The AI facilitates the analysis and integration of information, enabling data-driven decision-making, and enhancing 

business efficiency (Dwivedi et al., 2021). A combination of internet of things and AI spotlight on the field of the real-time 

monitoring of poultry and advance analytics and automation (Debauchea et al., 2020). Smart poultry farming system 

using AI could contribute to achieve the Sustainable Development Goals (SDGs) particularly when considering some key 

goals including no poverty, zero hunger, good health and well-being, and responsible consumption and production. 

Overall, this article highlights the types of AI models and their potential applications in poultry production.  

 

The recent advancement in monitoring systems in poultry flocks is illustrated in table 1. 
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Table 1 - The recent advancement in monitoring systems in poultry flocks 

Findings Reference 

Utilized a CNN pattern recognition structure to identify and classify healthy and diseased infected 

layers with Clostridium perfringens type A. They detected classification accuracies of 66.6% and 100% 

of the tested samples. 

Sadeghi et al. 

(2015) 

Used a CNN pattern (YOLO-V3 and Faster R-CNN) as an automated detector to differentiate between 

healthy and diseased broilers according to their droppings' shape, color, and water content. 
Wang et al. (2019) 

Improved the Feature Fusion Single Shot MultiBox Detector (IFSSD) to enhance the performance of the 

SSD model on Inception V3. They reached detection precision of 99.7% using a local dataset of an 

industrial base. 

Zhuang and Zhang 

(2019) 

Applied video surveillance, a depth camera, and an automatic health status classifier with an accuracy 

ranged from 0.975-0.978% to observe broiler chickens. 
Okinda et al. (2020) 

Achieved a recognition accuracy of 95.6% after using a machine learning classification algorithm 

method which was attached to a foot ring of each chicken to identifying the state of chickens. 
Bao et al. (2021) 

Used a combination of DenseFCN and the point supervision methodology and achieved an accuracy of 

93.84% and a frame rate of 9.27 frames/second to count the number of chickens on a farm. 
Cao et al. (2021) 

Applied transfer learning on pre-trained image classification and CNN techniques to identify diseases 

from the images of chicken droppings. The validation accuracy of these approaches was 94%. 

Mbelwa et al. 

(2021) 

Achieved a high accuracy for the detection of chicken’s behavior using YOLOv4 and Mask R CNN 

models. 
Joo et al. (2022) 

Developed a deep learning model based on YOLOv5x-hens and a CNN to track the number of hens in a 

real-time. 
Yang et al. (2022) 

 

 

SOME TYPES OF AI TECHNOLOGY THAT ARE APPLIED IN POULTRY FARMS MANAGEMENT 

 

Machine learning technique  

The transfer learning has been used in several domains such as computer vision, natural language processing, and 

speech recognition. The machine learning is a transfer learning developing computer program which can use the input 

information to produce new knowledge or improve the existing ones. Besides, it uses labelled data to develop accurate 

predictions as well as non-pre-assigned labels to identify datasets (Milosevic et al., 2019). 

Machine learning technique has been employed beneficially in case of a limited dataset or when the manual 

annotating data are costly and time-consuming. Machine learning reduces the need for a large amount of labeled data for 

training. Moreover, it helps in knowledge transfer, fast training, and better generalization on new tasks with limited data 

to improve the performance parameters. The fine-tuning and feature extractors are the approaches of the transfer 

learning technique that convert raw data to feature vectors (Park et al., 2022). The deep learning approach is derived 

from the conventional machine learning technique and it can identify features from raw data without the need for notable 

engineering knowledge on feature extraction (LeCun et al., 2015).  

Different innovative models have been applied to observe the behavior of birds and predict the infection early as 

possible. These proposed approaches include Support Vector Machine (RBF-SVM), Single Shot MultiBox Detector (SSD), 

and Convolutional Neural Network (CNN) such as You Only Look Once (YOLOv4), YOLOv5x, Visual Geometry Group 

(VGG16), Residual Networks (ResNet50), Extreme Inception (XceptionNet), and MobileNet (Okinda et al., 2020). These 

models can reduce the labor and time and they are promising for the rapid warning and accurate identification of 

problems associated with poultry health and welfare. The transfer learning using VGG16, ResNet50, and MobileNet 

approaches have been used for the precise and thorough processing of images. Moreover, the VGG16 approach achieved 

the highest accuracy when compared to the ResNet-50 and MobileNet models for the differentiation between heathy and 

diseased birds based on the bird’s posture and feathers texture. The CNN is a type of the deep learning algorithms which 

has been emerged in the field of digital image processing. It is able to detect and classify objects in computer vision tasks 

based on the observation of the bird’s physical features. Furthermore, YOLOv4 algorithm can recognize dead birds in the 

farms (Bochkovskiy et al., 2020).  

 

Robots 

Robots are applied in poultry farms for monitoring, management, and environmental control (Sahoo et al., 2022). 

This innovative approach permits exploring of social dynamics in different species (Romano et al., 2019). Standardized, 

controlled, replicable, and reproducible robots can interact with animals for investigation of a social behavior (Gribovskiy 

et al., 2018; Dennis et al., 2020; Parajuli et al., 2020). They can collect eggs and dead birds, thus save labor and facilitate 
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production (Astill et al., 2020; Zhao, 2021; Wu et al., 2022). Researchers have focused on developing equipping robots 

with sensors to identify diseased birds, allow monitoring of disease birds, and dispose dead birds from the flock (Abbas et 

al., 2022; Park et al., 2022).  

Most of robotic studies have been conducted under controlled experimental environmental conditions or in small-

scale poultry houses (Vroegindeweij et al., 2018; Wu et al., 2022). Additionally, robotic systems have experienced 

experimental investigations to demonstrate their capabilities to monitor poultry houses and broader their future 

applications.  

 

Robot’s uses in poultry farms 

Collection of carcasses 

Nanny robot can monitor the movement and body temperature of birds in conventional 3-layer cage systems using 

thermal cameras. This robot can sense morbid and dead birds by identifying the inactivity and the abnormal temperature 

values of them. Moreover, the robot consists of two modes; one mode works as a remote control and the other is 

autonomous (Liu et al., 2021). The autonomous robot scout employs an infrared and visible light camera to identify 

morbid chickens. Both mods can screen the bird’s temperature and movements to detect diseased and dead birds in 

cages and cage-free systems. Despite this robot shows high reliability (97.5%), accuracy (95.24%), precision (95.24%), 

and recall rates (100%), detecting dead chickens is somewhat difficult because their shapes are similar to healthy birds 

either in the sitting or lying position. An effective vision system is important for robots to accurately detect deceased birds. 

Also, drinkers and feeders in the deep litter closed systems may act as obstacles to identifying and collect dead 

carcasses. Therefore, the movement flexibility of dead bird’s collection robots in around equipment’s or the integration of 

flexible robotic arms and grippers should be improved to increase the mobility and accessibility (Althoefer, 2018). A robot 

equipped with two grippers and a camera at the end of a robot’s arm was designed to remove dead chickens (Li et al., 

2022a). 

Collection of eggs 

Automatic egg collection robots have been developed to reduce the human-induced problems and the need for 

human labor in egg collection, besides they could be used in the dense environments (Vroegindeweij et al., 2018). An 

autonomous robot (PoultryBot), equipped with a spiral spring on the front, has been successfully developed for collecting 

over 95% of the floor eggs in layers farms. This robot drives separately for more than 3000 m in the house and collects 

46% of 300 eggs with a collection failure in approximately 37% of eggs (Vroegindeweij et al., 2018).  Also, GohBot is an 

autonomous egg-collecting robot that uses a mechanical arm with a vacuum mirror to collect eggs with succeeding rate 

of 91.6% (Joffe and Usher, 2017). An egg-collecting robot consisting of a deep learning-based egg detector, arm, gripper, 

and camera has been developed (Li et al., 2021). Moreover, this robot can collect white and brown eggs in a rate of 94% 

using arms and grippers after eggs detection by image processing algorithms.  Another type of robots has been designed 

to recognize white and brown eggs in free-range layers (Chang et al., 2020). This type used a computer vision based 

platform to move toward the eggs, collects 60% and 88% of the eggs on flat and surrounded floors, and then stores them 

in its chamber. Moreover, it could efficiently collect 8 eggs in 25 m2 area within 10 minutes based on its contents of egg 

shaped stones within its operational area (Chang et al., 2020). However, there are some obstacles facing egg collection 

robotic techniques in the cage systems including the mobility within the poultry house, detection of eggs without breaking 

them, storage, and the possibly to classify them according to their weight and shape. 

Transportation and slaughtering  

Recently, the stunning and slaughtering of birds can be applied in the farm instead of the processing plants using 

robots which are able to transfer birds to the stunning sites for shackling (Park et al. 2022). Farm Processing and 

Transport (FPaT) is a system that has been used to reduce the birds stressors during handling during transportation from 

the flock to the slaughter houses, decrease the  amount of water for scalding, and thus improves the carcass yield (Park 

et al., 2022). This system is composed of two mobile units; processing and transport trailers which are designed on 

standard 53-ft trailers (Park et al., 2022). Moreover, FPaT system also allows the non-significant differences in the major 

food quality matrix, visual properties, myopathy scores, water holding capacity, yield, and texture properties when 

compared with the traditional techniques (Park et al., 2022).  

 

THE DIFFERENT AI APPLICATIONS USED IN POULTRY PRODUCTION  

 

The different applications of AI in poultry farms are summarized in table 2. 

 

Environment conditions 

The AI approaches monitor environmental parameters around birds in a real-time and adjust them to create an 

optimal and stress-free environment. Debauchea et al. (2020) implemented an AI algorithm (Gated Recurrent Unit) to 

validate and predicate some environmental parameters. For instance, sensors such as camera and data acquisition 
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systems could detect relative humidity, temperature, ventilation, and lighting systems (Fernandez et al., 2018; Lahlouh et 

al., 2020; Lorencena et al., 2020). Moreover, Monte Carlo simulation system could be used to monitor the litter moisture 

(Rico-Contreras et al., 2017). The edge computing solution system was applied to screen the temperature, humidity, and 

light intensity and transmit their levels by the end nodes ZigBee to the gateway network (Yang et al., 2019). One hand 

type of sensors also controlled the fan and light intensity, while the other hand uploaded data to the cloud. Additionally, 

the MQ137 gas sensor was implemented to measure ammonia (Raj and Jayanthi, 2018) and hydrogen sulfide 

(Handigolkar et al., 2016) levels in air. In comparison to the traditional chemical sensors, the multifunction electro-

thermal system showed a faster response and a lower power consumption for the detection of ammonia level (Lotfi et al., 

2019). An adsorbing material has been used to extract ammonia from the chicken’s litter (Xu et al., 2017). An automated 

anti-epidemic or disinfection sprayer robot, comprising of transport vehicle, sensors, spraying unit, and controller, has 

been also designed and applied in poultry farms (Feng and Wang, 2020).  

 

Table 2 - The different applications of AI in poultry farms 

Applications  Reference 

Detection of avian influenza virus using an interferometric biosensor Xu et al. (2007)  

Using of infrared spectroscopy and artificial neural networks for detection of uropathogenic 

Escherichia coli strains' susceptibility to cephalothin 
Lechowicz et al. (2013) 

Detecting jumping and landing force in laying hens using wireless wearable sensors Banerjee et al. (2014) 

Application of wireless activity sensor network to avian influenza monitoring system in poultry 

farms 
Okada et al. (2014)  

Using of intelligent procedure for the detection and classification of chickens infected by 

Clostridium perfringens based on their vocalization 
Sadeghi et al. (2015)  

Estimating broiler weights based on machine vision and artificial neural network Amraei et al. (2017) 

Prediction of moisture content in poultry litter using artificial intelligence techniques and Monte 

Carlo simulation to determine the economic yield from energy use  

Rico-Contreras et al. 

(2017) 

Removal of phosphate using aluminum-doped magnetic nanoparticles Xu et al. (2017)  

Management of broiler breeder feed intake and flock uniformity Zuidhof et al. (2017) 

Real-time monitoring of broiler flock's welfare status using camera-based technology Fernandez et al. (2018)  

Monitoring and health status identification using Iot-based real-time poultry Raj and Jayanthi (2018) 

Detection of sick broilers using an early warning algorithm  Zhuang et al. (2018)  

Diagnosis of infectious bursal disease with RNA microarray and machine Learning  Fang (2019) 

Comparing between random forest and gradient boosting machine methods for predicting Listeria 

spp. prevalence in the environment of pastured poultry farms 
Golden et al. (2019)  

Detecting ammonia sensing using a platinum cantilever-based thermal conductivity and 3-omega 

technique 
Lotfi et al. (2019) 

Environmental monitoring of chicken house based on edge computing in internet of things Yang et al. (2019) 

Detection of automated sneeze using sound-based poultry health monitoring tool  Carpentier et al. (2019)  

Detection of avian influenza-infected chickens based on a chicken sound convolutional neural 

network 
Cuan et al. (2020)  

Monitoring poultry behavior using edge computing and artificial intelligence  Debauchea et al. (2020) 

Designing disinfection robot for livestock breeding Feng and Wang (2020)  

Predicting antimicrobial resistance in Pseudomonas aeruginosa with machine learning-enabled 

molecular diagnostics 
Khaledi et al. (2020)  

Implementation of multi input multi output fuzzy-PID behavior controller in poultry house systems Lahlouh et al. (2020) 

Assessing layer pullet drinking behaviors under selectable light colors using convolutional neural 

network 
Li et al. (2020a) 

Analysis of feeding and drinking behaviors of group-reared broilers via image processing Li et al. (2020b) 

Designing a framework for modelling, control, and supervision of poultry farming Lorencena et al. (2020)  

Microbial identification and antimicrobial susceptibility testing using Machine learning for matrix-

assisted laser desorption/ionization–time of flight (MALDI-TOF) spectra 
Weis et al. (2020)  

Detecting poultry eating behavior based on vocalization signals Huang et al. (2021) 

Application of artificial intelligence for antimicrobial resistance Lv et al. (2021) 

Acceleration of antibiotic discovery through artificial intelligence Melo et al. (2021)  

Application of artificial intelligence in combating high antimicrobial resistance rates Rabaan et al. (2022) 
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Behavior characteristics 

Some behavior conditions of birds including resting, running, and feeding could be remotely and automatically 

monitored using internet of things technologies such as sensors, microphones, mobile phones, and cameras that are 

connected to a server or cloud for prompt processing and visualization (Ojo et al., 2022). The feeding systems schedules 

have been improved according to the environment, health, and behavior of individual birds (Zuidhof et al., 2017). The AI 

systems precisely control the timing and quantity of feed and tailor it according to the specific needs of the birds. These 

results in reduced feed wastage, healthier birds, and ultimately enhanced production. The changes in feed and water 

intake, feed conversion ratio, and body weight could be detected based on vocalization signals, machine learning 

technique, digital image analysis, and CNN approaches (Amraei et al., 2017; Li et al., 2020a, b; Huang et al., 2021). The 

piezoelectric crystals technique may evaluate the broilers locomotion deficiency based on analyzing the peak vertical 

force exerted on both feet at the weakness conditions. Moreover, it enables the identification of asymmetry between each 

foot force, which explained the uneven gait of layers (Banerjee et al., 2014). Under natural conditions, chicks reared with 

mother hens have learned some behavior conditions include resting times, pecking habits, and food preferences (Edgar et 

al., 2016). These chicks exhibit synchronization in resting activity and behavior. They spend more times feeding and less 

time standing and perches when compared with chicks raised without a mother hens (Roden and Wechsler, 1998). 

However, robotic researches allow robots to interact with chicks and support their social learning and development (de 

Mesquita Souza Saraiva et al., 2011).  

Diseases prevention  

The traditional manual methods for the diagnosis of poultry diseases are mostly laborious, time-consuming, 

unreliable, and sometimes fail to detect the specific infections accurately. Therefore, developing of a more rapid, 

accurate, and effective methods to overcome such challenge is an urgent need. The AI technologies can detect the 

possible diseases occurrence and trace their vectors or modes of transmission via analyzing some historical data. This 

line can help in the early warning capabilities to prevent the future outbreaks (Ojo et al., 2022; Park et al., 2022). The 

machine learning algorithms excel, deep regression network, digital image processing, and ResNet residual network have 

received increased attention for the rapid prediction and diagnosis of diseased flocks. The previous AI techniques are 

based on analyzing some behavioral and biological conditions such as sound, movement, and eating, or tracking 

production performance (Zhuang et al., 2018; Carpentier et al., 2019; Fang et al., 2020). Poultry diseases conditions 

including avian influenza (Cuan et al., 2020), infectious bursal disease (Fang, 2019), salmonellosis (Hwang et al., 2020), 

closteridiosis (Sadeghi et al., 2015), and listeriosis (Golden et al., 2019) could be diagnosed using CNN, random forest, 

and gradient boosting machines.  Some wireless devices depend on the body temperature sensors and accelerometers 

have been applied for the chicks with a highly pathogenic avian influenza up to six hours before death (Okada et al., 

2014). Moreover, Xu et al. (2007) developed a new, portable, and inexpensive biosensor to identify several strains of 

pathogenic avian influenza infected birds within few minutes. Infectious bronchitis and infectious laryngotracheitis of 

chickens could be also monitored using auditory sensing systems including machine learning techniques and digital 

signal processing (Carroll, 2018). These techniques of AI could provide more information to manage the flocks in a more 

rounded manner. 

Antimicrobial resistance 

The continuous development of antimicrobial resistance is an important challenge facing poultry industry (Lv et al., 

2021). The AI programs may help in the correction of the hazardous usage of antibiotics, combating the increased 

incidence of antimicrobial resistance, and aiding in the rapid treatment without waiting the bacterial culture results 

(Rabaan et al., 2022). Consequently, the AI approaches reduce time to discover new drugs, ensure accuracy of the 

diagnosis and treatment, and lower the treatment costs (Lv et al., 2021; Rabaan et al., 2022). The infrared spectroscopy 

with artificial neural network can short the time for the detection of antimicrobial resistance from days to hours or even 

30 minutes (Lechowicz et al., 2013), beside they can find new mutants of resistance (Melo et al., 2021). The different 

technologies of AI can control the antimicrobial resistance by gathering of data to construct decision support systems, 

designing new antimicrobials, and investigating drug combinations synergism (Boolchandani et al., 2019; Rodríguez-

González et al., 2019; Khaledi et al., 2020). For the early and effective prediction of the antimicrobial resistance, the 

construction of comprehensive antimicrobial resistance databases for the integration of more cutting edge algorithms is 

important (Rabaan et al., 2022). Lv et al. (2021) used artificial resistance algorithms methods including nave Bayes, 

decision trees, random forests, RBF-SVM, and artificial neural networks for the monitoring of antimicrobial resistance 

problems. Similarly, flow-cytometer antimicrobial susceptibility testing, infrared spectrometer, and k-mer-based machine 

learning were applied for combating antibiotic resistance (Mulroney et al., 2017; Mahé and Tournoud, 2018; Inglis et al., 

2020). By increasing the amount of the whole-genome sequence data and understanding the structural basis of 

resistance and rational design principle (Klevens et al., 2007), the AI models are better able to induce a high accuracy in 

surveillance programs (Deng et al., 2016, Argimón et al., 2020) and develop new, effective, and broad-spectrum 

antimicrobials (Weis et al., 2020). However, there are some challenges face the application of AI models to combat the 

antimicrobial resistance; 1) most programs do not consider the intermediate category of resistance that overlaps the 

susceptible and resistant categories and, 2) the only resistant or susceptible resistance can result in a false diagnosis. 
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CONCLUSION 

 

There is no doubt on the significant effects of AI in the poultry farming and production. In the near future, AI is expected to 

alter the poultry sector and contribute positively by improving efficiency and accuracy at all aspects of the industry. 

Despite the AI technology models have been already implemented in the chain of poultry industry with immense 

potentials, they address several challenges and obstacles that cannot be overcome without the integration of all aspects. 

AI technology will lead to the understanding of sustainable industry which suppresses the generation of greenhouse gases 

and helps in gaining some SDGs including the decrease in wasted feed and breeding tasks. It is expected the continuous 

development of the broiler industry to meet the hunger and support the world’s food. From a global standpoint of view, 

adoption of AI technology information systems is important to ensure that humans are taking environmentally friendly 

and use the feedback information to produce safe poultry production. Therefore, AI acts as a potential method for the 

next generation of poultry farming system. Encouraging further researches is needed for widening the scale of AI 

technology applications in large-capacity poultry houses in order to gain some of SDGs.  
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