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Abstract This study evaluated the specific nutritional needs of goats at different stages of their life, including energy, protein,
vitamins, and minerals. It emphasized the potential uses of by-products and alternative sources, explored sustainable feed practices,
with a focus on locally sourced raw materials and reducing environmental impact, and used a commercial goat farm as a case study
to implement and evaluate proposed strategies. The study emphasized the importance of integrating advanced feed formulation tools
and sustainable practices in goat farming, and clarified that future research should explore the application of nutrigenomics,
innovative feed additives, and artificial intelligence to further improve feed optimization and industry sustainability. This study aims
to develop and evaluate optimized feed formulation strategies that balance nutritional adequacy and economic feasibility.
Keywords Goat farming; Feed formulation; Cost-effectiveness; Precision nutrition; Alternative feed sources

1 Introduction

Goat farming is a significant agricultural activity that contributes to the socio-economic development of many
regions worldwide. It provides essential products such as milk, meat, and fiber, which are crucial for the
livelihoods of many rural communities. In regions like Northern Mexico and Greece, goat farming is particularly
vital due to its adaptability to arid and semi-arid conditions, making it a resilient agricultural practice in the face of
climate change (Machado-Ramos et al., 2023). The economic importance of goat farming is underscored by its
ability to utilize low productivity pastures and shrublands, thereby converting otherwise unproductive land into
valuable agricultural output (Sintori et al., 2019).

Despite its economic significance, goat farming faces several challenges that hinder its productivity and
profitability. Key among these challenges is the high cost of feed, which constitutes a major portion of the
production expenses. The quality and formulation of feed are critical factors that influence the productivity of
goats, including their milk yield and reproductive performance (Moroz and Samorukov, 2020; Rodrigues et al.,
2021). Inadequate or imbalanced nutrition can lead to suboptimal growth, poor health, and reduced reproductive
efficiency. Moreover, the environmental impact of goat farming, particularly greenhouse gas emissions, is a
growing concern that necessitates the adoption of sustainable feeding practices. Optimizing feed formulation not
only aims to reduce costs but also to enhance production efficiency and sustainability by incorporating alternative
feed sources and improving nutrient balance (Saputro et al., 2023).

This study identified cost-effective and sustainable feed choices to improve the economic feasibility of goat
farming by studying various feeding strategies and their impact on productivity. The use of alternative feed
sources such as palm kernel cake and cow feed residue was evaluated, as well as their effects on growth, milk
production, and reproductive performance. The potential for reducing greenhouse gas emissions through improved
feed practices was analyzed, providing practical recommendations for goat farmers to explore and optimize goat
feed formulations to reduce production costs and improve overall production efficiency.
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2 Nutritional Requirements of Goats

2.1 Energy and protein needs across different stages (kids, lactating does, mature goats)

Goats have varying energy and protein requirements depending on their life stage. For instance, growing goat kids
require adequate protein to support their rapid growth and development. A study on Anhui white goat kids
demonstrated that a diet containing 13.4% crude protein (CP) was sufficient to improve nitrogen utilization
without adversely affecting growth performance, suggesting that this level of protein is optimal for young goats.
Lactating does, on the other hand, have increased energy and protein needs to support milk production. Research
has shown that replacing a portion of the concentrate feed with Moringa oleifera silage and Chlorella vulgaris
microalgae can enhance milk production and nutrient utilization in lactating goats, indicating the importance of
high-quality protein sources during lactation (Kholif et al., 2022).

Mature goats, particularly those in maintenance or non-reproductive phases, have lower energy and protein
requirements compared to growing kids and lactating does. However, strategic nutrient supplementation, such as
the inclusion of clay minerals like bentonite, can still positively impact nutrient digestibility and overall health
(Helmy et al., 2022).

2.2 Role of essential vitamins and minerals

Vitamins and minerals play crucial roles in the health and productivity of goats. Essential minerals such as
calcium, phosphorus, and magnesium are vital for bone development, metabolic processes, and overall health. For
instance, the inclusion of vitamin-mineral mixtures in feed blocks has been shown to support nutrient utilization
and milk composition in goats (Molina-Alcaide et al., 2010).

Vitamins, particularly vitamin A, are essential for vision, immune function, and reproduction. Supplementation
with plant extracts and yeast cell wall components, which are rich in vitamins and minerals, has been found to
enhance rumen development and overall health in young goats (Belanche et al., 2023).

2.3 Impact of nutritional deficiency on health and productivity

Nutritional deficiencies can have severe impacts on the health and productivity of goats. For example, a
deficiency in dietary protein can lead to reduced growth rates, poor feed efficiency, and increased nitrogen
excretion, as observed in studies on low-protein diets in goat kids (Zhu et al., 2020).

Similarly, deficiencies in essential vitamins and minerals can lead to various health issues. For instance,
inadequate mineral supplementation can result in poor bone development, metabolic disorders, and decreased
reproductive performance. Research has shown that goats consuming low-quality forages with high fiber and low
protein content benefit significantly from protein and mineral supplementation, which improves intake and
performance (Kawas et al., 2010).

3 Feed Ingredients and Their Cost-Effectiveness

3.1 Common feed ingredients in goat diets (grains, forages, supplements)

Goat diets typically include a variety of grains, forages, and supplements to meet their nutritional needs (Figure 1).
Common grains used are corn, barley, and wheat, which provide essential carbohydrates and energy (Liu and He,
2024). Forages such as alfalfa hay are crucial for fiber intake and overall digestive health. Supplements, including
soybean meal and vitamin-mineral mixtures, are often added to ensure goats receive adequate protein and
micronutrients (Molina-Alcaide et al., 2010; Pentz and Jones, 2019).

3.2 Evaluating the cost and availability of feed ingredients

The cost and availability of feed ingredients can vary significantly based on regional factors and market
conditions. For instance, barley has been identified as a cost-effective grain that can replace more expensive
grains like wheat and corn under certain price conditions, leading to potential cost savings in feed formulation
(Alqaisi et al., 2019). Additionally, the use of local by-products such as olive and tomato silages can enhance farm
profitability by reducing reliance on imported conventional ingredients (Arco-Pérez et al., 2017). The fluctuating
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prices of feed ingredients necessitate dynamic feed formulation models to optimize costs while maintaining
nutritional adequacy.

Figure 1 Goats fed with feed

3.3 Use of by-products and alternative feed sources to reduce costs

Incorporating by-products and alternative feed sources into goat diets can significantly reduce feeding costs
without compromising production efficiency. By-products such as brewer's grain, citrus pulp, and tomato fruits
have been successfully used to replace conventional ingredients in goat diets, resulting in lower feed costs and
improved nutrient utilization (Romero-Huelva et al., 2017). Similarly, the inclusion of cocoa bean shell in goat
diets has shown promise in reducing diet costs while maintaining milk production performance (Renna et al.,
2022). Furthermore, using feed leftovers from dairy cows as a supplement for goats has been demonstrated to
enhance reproductive performance and reduce feed waste, promoting a circular economy approach
(Machado-Ramos et al., 2023). These strategies not only lower feed costs but also contribute to environmental
sustainability by reducing food-feed competition and waste (Lee et al., 2014; Ertl et al., 2015; Karlsson et al.,
2018).

4 Feed Formulation Strategies

4.1 Balancing nutritional needs with economic viability

Balancing the nutritional needs of goats with economic viability is a critical aspect of feed formulation. The goal
is to provide adequate nutrients to support optimal growth, reproduction, and health while minimizing costs. One
effective strategy is the use of precision feeding, which tailors diets to the specific needs of individual animals or
groups, thereby improving nutrient utilization and reducing waste (Sonea et al., 2023). For instance, reducing
crude protein content in diets and supplementing with synthetic amino acids can enhance nitrogen efficiency and
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lower feed costs (Pomar et al., 2021). Additionally, integrating local feedstuffs and non-human-edible products
can further reduce the carbon footprint and feed expenses.

4.2 Software tools and models for optimal feed formulation

The use of advanced software tools and models is essential for optimizing feed formulation. These tools can
handle complex variables such as fluctuating feed prices, nutrient compositions, and animal requirements. For
example, evolutionary multi-objective optimization algorithms like NSGA-II can minimize feed costs while
meeting nutritional requirements, providing a set of optimal solutions for decision-makers (Uyeh et al., 2019).
Similarly, precision nutrition models, such as the Agricultural Modeling and Training Systems (AMTS) CattlePro,
can simulate the effects of different diet formulation frequencies on dairy cattle performance, demonstrating
significant economic benefits from more frequent diet adjustments (White and Capper, 2014). These tools
facilitate efficient decision-making and can significantly enhance the economic viability of feed formulation
strategies.

4.3 Role of precision nutrition in reducing feed wastage

Precision nutrition plays a pivotal role in reducing feed wastage and improving overall feed efficiency. By
customizing diets to the specific needs of individual animals, precision feeding ensures that nutrients are utilized
more effectively, thereby minimizing waste (Gaillard et al., 2020). For instance, precision feeding can reduce
lysine intake and nitrogen excretion in pigs without compromising their performance, leading to lower feeding
costs and environmental impact (Andretta et al., 2016). Additionally, precision supplementation in heifer
development programs can optimize individual animal intake, reduce feed overconsumption, and improve
uniformity in growth and reproductive performance (Dagel et al., 2022). These strategies not only enhance feed
efficiency but also contribute to the sustainability of livestock production systems.

5 Impact of Feed Quality on Goat Productivity

5.1 Influence of feed quality on milk yield and meat production

Feed quality significantly influences both milk yield and meat production in goats. High-quality feed formulations,
such as those incorporating Moringa oleifera silage and Chlorella vulgaris microalgae, have been shown to
improve milk production and composition. Specifically, replacing up to 40% of the concentrate mixture with these
components increased daily milk production, milk fat, and lactose concentrations, as well as feed efficiency in
Damascus goats (Table 1) (Kholif et al., 2022). Similarly, the inclusion of mango seeds as an alternative energy
source in the diet of dairy goats resulted in higher milk yield and improved milk composition, including increased
total solids, protein, and fat content (El-Sanafawy et al., 2023). For meat production, the use of Ginkgo biloba
residues to partially replace alfalfa hay pellets in the diet of finishing goats improved growth performance and
meat quality, demonstrating the potential of high-quality feed to enhance both milk and meat productivity.

5.2 Improving digestibility and feed conversion efficiency

Improving the digestibility and feed conversion efficiency of goat diets is crucial for optimizing production.
Studies have shown that the inclusion of yeast-fermented palm kernel cake protein in place of soybean meal can
enhance the digestibility of dry matter, crude protein, and fiber, thereby improving overall feed utilization
efficiency (Chanjula et al., 2022). Additionally, the use of agro-industrial by-products like yeast- or EM-fermented
cassava peel has been found to maintain feed intake and digestibility while significantly reducing feed costs, thus
enhancing feed conversion efficiency (Gunun et al., 2023). Furthermore, the supplementation of diets with bee
bread extract has been shown to improve the digestibility coefficients and nutritive value, leading to better feed
conversion and daily weight gain in suckling kids (Farag et al., 2021).

5.3 Addressing feed safety concerns (contaminants, mycotoxins)

Ensuring feed safety is paramount to maintaining goat health and productivity. Contaminants and mycotoxins in
feed can have detrimental effects on animal health and performance. The use of slow-release urea as a partial
replacement for soybean meal has been shown to improve feed efficiency and reduce the environmental footprint
without compromising animal health, indicating a safer alternative to traditional protein sources (Grossi et al.,
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2021). Additionally, the inclusion of natural plant extracts and yeast cell wall components in early life diets can
optimize rumen development and reduce the incidence of health issues, thereby promoting safer and more
efficient feed utilization (Belanche et al., 2023). These strategies highlight the importance of addressing feed
safety concerns to ensure the well-being and productivity of goats.

Table 1 Milk yield and composition in lactating Damascus goats fed diets containing Moringa oleifera and Chlorella vulgaris
microalgae (n = 15) (Adopted from Kholif et al., 2022)

Diet 1 p Values
. Control Vs.
Control MA20 MA40 SEM Diet
Others

Production, g/d (unless stated otherwise)
Milk 876" 10032 10232 32.0 0.005 0.001
Energy  corrected milk ) )

839" 10662 10302 333 <0.001 <0.001
(ECM)
Fat corrected milk (4%

828 ° 1026 # 998 2 32.0 0.001 <0.001
FCM)
Milk energy output, MJ/d ~ 2.58° 3.29¢ 3.18% 0.103 <0.001 <0.001
Total solids 108 ° 1372 132 43 <0.001 <0.001
Solids non-fat 76.3" 954+ 92.0° 3.07 0.002 <0.001
Fat 31.8° 41.12 39.8¢2 1.29 <0.001 <0.001
Protein 3290 40.7 2 39.7¢ 1.41 0.006 0.002
Lactose 36.2° 46.2° 44.0° 1.40 <0.001 <0.001
Composition, g/kg unless stated otherwise
Total solids 123 133 131 3.96 0.062 0.066
Solids non-fat 87.0 93.3 91.8 3.97 0.055 0.072
Fat 3630 40.22 39.7¢ 0.37 <0.001 <0.001
Protein 37.6 39.8 39.5 2.52 0.091 0.205
Lactose 41.3° 4527 4397 0.58 0.001 <0.001
Milk energy content, MJ/kg 2.94° 3222 3,172 0.022 <0.001 <0.001
Feed efficiency
Milk: intake ratio 0.74 " 0.87¢ 0.86° 0.028 0.004 0.009
ECM: intake ratio 0.71" 091* 0.89 ¢ 0.030 <0.001 <0.001
FCM: intake ratio 0.70® 0.88° 0.86*° 0.028 <0.001 <0.001

Note: *® Means in the same row with different superscripts differ at p < 0.05. p-value is the observed significance level of the F-test
for treatment; SEM, standard error of the mean. ! Diets: Concentrate mixture in the control diet was replaced with Chlorella vulgaris
microalgae (at 1%) and Moringa oleifera silage at 0% (Control diet), 20% (MA20 diet) or 40% (MA40 diet), DM basis (Adopted
from Kholif et al., 2022)

6 Case Study

6.1 Background and overview of the selected goat farm/region

The selected goat farm is located in the North-West District of Russia, focusing on the Saanen breed, known for
its high milk production potential. This region experiences a temperate climate, which influences the feeding
strategies and overall management practices. The farm has been operational for over a decade and has recently
adopted advanced feed formulation techniques to enhance productivity and reduce costs (Moroz and Samorukov,
2020).

6.2 Implemented feed formulation strategies and changes made

The farm implemented several feed formulation strategies to optimize the nutrition of their dairy goats. One of the
primary changes was the introduction of the "RATIONS" information and analytical system to calculate balanced
rations tailored to the nutrient requirements of the Saanen goats. This system allowed for precise adjustments in
feeding rates, ensuring that the goats received adequate nutrition to maximize milk production. Additionally, the
farm incorporated feed leftovers from nearby dairy cow farms, following a circular economy approach to reduce
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waste and improve feed efficiency (Figure 2) (Machado-Ramos et al., 2023). This strategy not only provided a
cost-effective feed source but also enhanced the reproductive performance of the goats during the off-season.

Increased photoperiod 25° N >
Mar Apr May
Date 6 8 18 23 27 28 8 13 4
aw acse w,scs,sg BW,B.CS.-G

W s oo

|25 23P4| | Estrus response |
{d Testosterone 50 mg Male effect &

d -22 -20 -10

Us1&2
(Anovulatory status)

Us3 Us4 Us5

(Anovulatory status) (Ovulation rate) (Pregnancy rate)

s=Supplemented (n=19) Leftover feed supplementation
NS= Non-Supplemented (n=19)

Figure 2 Schematic representation of the experimental protocol in of multiparous crossbred/rangeland goats (n = 38) (i.e., extensive

system) receiving (S) or not (NS) a nutritional supplementation of feed leftovers from a dairy cow enterprise (i.e., intensive system)
in Northern Mexico (Adopted from Machado-Ramos et al., 2023)

6.3 Outcomes and benefits observed (cost reduction, increased productivity)

The implementation of these feed formulation strategies led to significant outcomes and benefits for the farm.
Firstly, there was a noticeable reduction in feed costs due to the utilization of dairy cow feed leftovers and the
precise calculation of balanced rations. The farm observed a 7.4% increase in milk productivity, attributed to the
improved nutritional intake of the goats. Additionally, the reproductive performance of the goats improved, with
higher ovulation and pregnancy rates observed during the off-season, which was a direct result of the targeted
supplementation strategy. Overall, these changes contributed to a more efficient and cost-effective production
system.

6.4 Lessons learned and implications for broader application

Several key lessons were learned from this case study. Firstly, the importance of precise feed formulation cannot
be overstated. Utilizing advanced systems like "RATIONS" can significantly enhance the nutritional intake of
goats, leading to increased productivity and reduced costs. Secondly, adopting a circular economy approach by
using feed leftovers from other livestock farms can provide a sustainable and cost-effective feed source,
improving overall farm efficiency. Lastly, the integration of modern technologies and data-driven decision-making
tools, such as the Eskardillo system, can further optimize farm management and contribute to sustainable
intensification (Belanche et al., 2019).

The implications for broader application are clear. Farms in similar regions or with similar breeds can adopt these
strategies to improve their production efficiency and reduce costs. The use of advanced feed formulation systems
and the incorporation of feed leftovers can be particularly beneficial in regions with limited feed resources or high
feed costs. Additionally, the integration of data-driven tools can help farmers make informed decisions, leading to
better management practices and improved productivity.

7 Sustainability in Goat Feed Formulation

7.1 Incorporating locally sourced ingredients

Incorporating locally sourced ingredients into goat feed formulations can significantly enhance sustainability by
reducing transportation-related greenhouse gas emissions and supporting local economies. For instance, the use of
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local agricultural by-products, such as artichoke by-product silage (ABS), has been shown to reduce production
costs and improve environmental sustainability without significantly affecting milk yield and quality in dairy
goats (Monllor et al., 2021). Similarly, the inclusion of cocoa bean shell (CBS), a by-product of the cocoa industry,
in goat diets has demonstrated potential as a sustainable feed ingredient, maintaining milk production performance
while altering the fatty acid profile beneficially (Renna et al., 2022). Utilizing local protein sources and
by-products not only minimizes the carbon footprint associated with feed transportation but also promotes the
efficient use of regional resources (Dierenfeld, 2023).

7.2 Reducing the environmental impact of feed production

Reducing the environmental impact of feed production is crucial for sustainable livestock farming. Innovative
feed formulation methodologies, such as multi-objective (MO) formulations, can balance cost and environmental
impacts, leading to reduced greenhouse gas emissions, non-renewable energy demand, and phosphorus demand
(Quelen et al., 2021). Additionally, the use of highly digestible protein feed materials can improve nitrogen-use
efficiency, thereby reducing nitrogen losses to the environment and decreasing ammonia emissions (Chojnacka et
al., 2021). Strategies like replacing soybean meal with slow-release urea sources have also been effective in
reducing the carbon footprint and methane emissions in dairy cows, which can be adapted for goat feed
formulations (Grossi et al., 2021). These approaches highlight the importance of integrating environmental
considerations into feed formulation processes to achieve sustainable livestock production.

7.3 Strategies for sustainable feed formulation practices

Several strategies can be employed to develop sustainable feed formulation practices for goats. One effective
approach is the use of precision feeding and nutrition, which tailors diets to the specific nutrient requirements of
animals, thereby maximizing nutrient efficiency and minimizing waste (Pomar et al., 2021). This method can
significantly reduce nitrogen excretion and improve the overall sustainability of livestock production. Another
strategy involves the use of life cycle assessment (LCA) to evaluate the environmental impacts of different feed
ingredients and formulations, enabling the selection of ingredients with lower environmental footprints (Heidari et
al., 2021). Additionally, incorporating regenerative agriculture practices and bio-circularity, such as using residues,
by-products, and excess food streams, can enhance the sustainability of feed systems by reducing greenhouse gas
emissions and promoting resource efficiency. These strategies collectively contribute to the development of
sustainable feed formulations that support both environmental and economic goals in goat farming.

8 Future Directions in Goat Feed Formulation

8.1 Advances in nutrigenomics and precision feeding

Nutrigenomics, the study of how nutrition affects gene expression, is emerging as a pivotal tool in optimizing feed
formulation for goats. By understanding the molecular mechanisms through which nutrients influence gene
expression, it is possible to tailor diets that enhance growth, health, and productivity. This approach has shown
promise in improving the performance and health of animals selected for further production, although the
molecular mechanisms are not yet fully understood (Hashemi et al., 2020). Precision feeding, which involves
providing individualized diets based on the specific needs of each animal, has also demonstrated significant
potential. For instance, algorithms designed for precision feeding in dairy cattle have been shown to improve feed
efficiency and reduce costs, suggesting similar benefits could be achieved in goat farming (Dagel et al., 2022;
Souza et al., 2022). These advancements could lead to more efficient nutrient utilization, better health outcomes,
and increased profitability in goat production.

8.2 Innovations in alternative protein sources and feed supplements

The search for alternative protein sources and feed supplements is crucial for reducing feed costs and improving
sustainability in goat farming. Studies have shown that replacing traditional concentrate feeds with alternatives
like Moringa oleifera silage and Chlorella vulgaris microalgae can enhance nutrient digestibility, ruminal
fermentation, and milk production in goats (Kholif et al., 2022). Additionally, the use of feed leftovers from dairy
cows as a supplement for goats has been explored as a circular economy approach, improving reproductive
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performance and benefiting marginal producers (Machado-Ramos et al., 2023). Early life supplementation with
natural blends containing turmeric, thymol, and yeast cell wall components has also been found to optimize rumen
development and increase body weight gain in young goats, although the long-term productive implications are
minor (Belanche et al., 2023). These innovations not only reduce reliance on high-cost feed ingredients but also
promote sustainable farming practices.

8.3 Potential of AI and machine learning in optimizing feed formulation

Artificial intelligence (AI) and machine learning (ML) are poised to revolutionize feed formulation by enabling
more precise and efficient feeding strategies. Al-driven algorithms can analyze vast amounts of data to optimize
feed composition and delivery, ensuring that each goat receives the right nutrients at the right time. For example,
precision feeding systems for pigs and dairy cattle have shown that Al can significantly improve feed efficiency
and reduce nutrient waste (Gaillard et al., 2020; Pomar et al., 2021). These technologies can be adapted for goat
farming to enhance feed efficiency, reduce costs, and improve overall production efficiency. The integration of Al
and ML in feed formulation represents a significant step forward in achieving sustainable and profitable goat
farming.

9 Concluding Remarks

The optimization of goat feed formulation has been extensively studied with the aim of reducing costs and
improving production efficiency. Several methods have been proposed, including the use of linear programming
to design optimal feed formulations that minimize costs while meeting nutritional requirements. The incorporation
of agro-industrial by-products, such as yeast- or EM-fermented cassava peel, has been shown to replace up to 50%
of concentrate without negatively impacting feed intake, digestibility, or growth performance, thereby reducing
feed costs by up to 32%. Similarly, the inclusion of tomato pomace in goat diets has been found to improve milk
production and quality without adverse effects on animal health, with a 40% inclusion level being optimal.
Additionally, the use of yeast-fermented palm kernel cake as a substitute for soybean meal has demonstrated
potential in maintaining feed efficiency and reducing costs. Advanced mathematical models, such as
multi-objective optimization algorithms, have also been developed to balance cost and nutritional requirements
more effectively.

Goat farmers and feed producers are encouraged to adopt several strategies to optimize feed formulation. Firstly,
utilizing linear programming tools can help in designing cost-effective feed formulations that meet the nutritional
needs of goats. Incorporating agro-industrial by-products like cassava peel and tomato pomace can significantly
reduce feed costs while maintaining or even enhancing production efficiency. It is also recommended to explore
the use of yeast-fermented alternatives to traditional protein sources, such as palm kernel cake, to further reduce
costs without compromising feed quality. Additionally, adopting a circular economy approach by using feed
leftovers from other livestock systems can improve reproductive performance and overall efficiency. Finally,
employing advanced optimization algorithms can provide a comprehensive set of solutions that balance cost and
nutritional requirements, facilitating better decision-making.

The future of goat feed optimization lies in the integration of advanced technologies and sustainable practices. The
use of linear programming and multi-objective optimization algorithms will continue to play a crucial role in
developing cost-effective and nutritionally balanced feed formulations. The incorporation of agro-industrial
by-products and the adoption of circular economy principles will not only reduce feed costs but also promote
environmental sustainability. As research progresses, the development of more precise and adaptable feed
formulations will be essential to meet the evolving needs of goat production systems. By embracing these
innovations, the goat farming industry can achieve greater efficiency, profitability, and sustainability in the long
term.

Acknowledgments
We would like to thank Professor Jiang Y. for his invaluable guidance, insightful suggestions, and continuous support throughout the
development of this study.

322



~,

) International Journal of Molecular Zoology, 2024, Vol.14, No.6, 315-325
AnimalSei Publisher® http://animalscipublisher.com/index.php/ijmz

Conflict of Interest Disclosure
The authors affirm that this research was conducted without any commercial or financial relationships that could be construed as a
potential conflict of interest.

References

Alqaisi O., Moraes L., Ndambi O., and Williams R., 2019, Optimal dairy feed input selection under alternative feeds availability and relative prices, Information
Processing in Agriculture, 6: 438-453.
https://doi.org/10.1016/J.INPA.2019.03.004

Andretta 1., Pomar C., Rivest J., Pomar J., and Radiinz J., 2016, Precision feeding can significantly reduce lysine intake and nitrogen excretion without

compromising the performance of growing pigs, Animal, 10(7): 1137-1147.
https://doi.org/10.1017/S1751731115003067

Arco-Pérez A., Ramos-Morales E., Yafiez-Ruiz D., Abecia L., and Martin-Garcia A., 2017, Nutritive evaluation and milk quality of including of tomato or olive

by-products silages with sunflower oil in the diet of dairy goats, Animal Feed Science and Technology, 232: 57-70.
https://doi.org/10.1016/J. ANIFEEDSCI.2017.08.008

Belanche A., Arturo-Schaan M., Leboeuf L., Yafiez-Ruiz D., and Martin-Garcia 1., 2023, Early life supplementation with a natural blend containing turmeric,

thymol, and yeast cell wall components to optimize rumen anatomical and microbiological development and productivity in dairy goats, Journal of Dairy
Science, 106(7): 4634-4649.
https://doi.org/10.3168/jds.2022-22621

Belanche A., Martin-Garcia A., Fernandez-Alvarez J., Pleguezuelos J., Mantecon A., and Yiiiez-Ruiz D., 2019, Optimizing management of dairy goat farms

through individual animal data interpretation: a case study of smart farming in Spain, Agricultural Systems, 173: 27-38.
https://doi.org/10.1016/J.AGSY.2019.02.002
Chanjula P., Supapong C., Hamchara P., and Cherdthong A., 2022, Blood metabolites and feed utilization efficiency in Thai-Native-Anglo-Nubian goats fed a

concentrate diet including yeast fermented palm kernel cake instead of soybean meal, Veterinary Sciences, 9(5): 235.
https://doi.org/10.3390/vetsci9050235
Chojnacka K., Mikula K., Izydorczyk G., Skrzypczak D., Witek-Krowiak A., Gersz A., Moustakas K., Iwaniuk J., Grzedzicki M., and Korczynski M., 2021,

Innovative high digestibility protein feed materials reducing environmental impact through improved nitrogen-use efficiency in sustainable agriculture,
Journal of Environmental Management, 291: 112693.
https://doi.org/10.1016/j.jenvman.2021.112693

Dagel A., Menendez H., Ehlert K., Olson K., and Brennan J., 2022, PSIII-7 late-breaking: improving heifer development programs using precision

supplementation, Journal of Animal Science, 100(Supplement_4): 37-37.
https://doi.org/10.1093/jas/skac313.053
Dierenfeld E., 2023, 94 sustainable feeding solutions across the animal kingdom: identifying and implementing, Journal of Animal Science, 101(Supplement_3):
116-117.
https://doi.org/10.1093/jas/skad281.142
El-Sanafawy H., Maggiolino A., El-Esawy G., Riad W., Zeineldin M., Abdelmegeid M., Seboussi R., EI-Nawasany L., Elghandour M., Palo P., and Salem A.,

2023, Effect of mango seeds as an untraditional source of energy on the productive performance of dairy Damascus goats, Frontiers in Veterinary Science,
10: 1058915.
https://doi.org/10.3389/fvets.2023.1058915

Ertl P., Zebeli Q., Zollitsch W., and Knaus W., 2015, Feeding of by-products completely replaced cereals and pulses in dairy cows and enhanced edible feed

conversion ratio, Journal of Dairy Science, 98(2): 1225-1233.
https://doi.org/10.3168/jds.2014-8810
Farag M., Helmy A., and El-Nimer A., 2021, Effect of using bee bread extract as feed additives on digestibility and productive performance of maternal goats

during suckling period, Egyptian Journal of Applied Science, 36(2): 1-20.
https://doi.org/10.21608/ejas.2021.163153
Gaillard C., Brossard L., and Dourmad J., 2020, Improvement of feed and nutrient efficiency in pig production through precision feeding, Animal Feed Science
and Technology, 268: 114611.
https://doi.org/10.1016/j.anifeedsci.2020.114611

Grossi S., Compiani R., Rossi L., Dell’Anno M., Castillo 1., and Rossi C., 2021, Effect of slow-release urea administration on production performance, health

status, diet digestibility, and environmental sustainability in lactating dairy cows, Animals, 11(8): 2405.
https://doi.org/10.3390/ani11082405
Gunun P., Cherdthong A., Khejornsart P., Wanapat M., Polyorach S., Kaewwongsa W., and Gunun N., 2023, Replacing concentrate with yeast- or em-fermented

cassava peel (YFCP or EMFCP): effects on the feed intake, feed digestibility, rumen fermentation, and growth performance of goats, Animals, 13(4): 551.
https://doi.org/10.3390/ani13040551

Hashemi S., Davoodi H., and Arabiyan E., 2020, Nutrigenomics: a new approach to feed formulation, The Journal of Qazvin University of Medical Sciences,
24(1): 80-93.
https://doi.org/10.32598/jqums.23.5.8

323


https://doi.org/10.1016/J.INPA.2019.03.004.
https://doi.org/10.1017/S1751731115003067.
https://doi.org/10.1016/J.ANIFEEDSCI.2017.08.008.
https://doi.org/10.3168/jds.2022-22621.
https://doi.org/10.1016/J.AGSY.2019.02.002.
https://doi.org/10.3390/vetsci9050235.
https://doi.org/10.1016/j.jenvman.2021.112693.
https://doi.org/10.1093/jas/skac313.053.
https://doi.org/10.1093/jas/skad281.142.
https://doi.org/10.3389/fvets.2023.1058915.
https://doi.org/10.3168/jds.2014-8810.
https://doi.org/10.21608/ejas.2021.163153.
https://doi.org/10.1016/j.anifeedsci.2020.114611.
https://doi.org/10.3390/ani11082405.
https://doi.org/10.3390/ani13040551.
https://doi.org/10.32598/jqums.23.5.8.

~,

) International Journal of Molecular Zoology, 2024, Vol.14, No.6, 315-325
AnimalSei Publisher® http://animalscipublisher.com/index.php/ijmz

Heidari M., Gandasasmita S., Li E., and Pelletier N., 2021, Proposing a framework for sustainable feed formulation for laying hens: a systematic review of
recent developments and future directions, Journal of Cleaner Production, 288: 125585.
https://doi.org/10.1016/j.jclepro.2020.125585

Helmy S., Ebeid H., Hanafy M., Mahmoud A., and El-tanany R., 2022, Rumen parameters, nutrients digestibility and milk production of lactating boer goats

fed diets containing clay minerals, Pakistan Journal of Biological Sciences, 25(8): 755-764.
https://doi.org/10.3923/pjbs.2022.755.764
Karlsson J., Spérndly R., Lindberg M., and Holtenius K., 2018, Replacing human-edible feed ingredients with by-products increases net food production

efficiency in dairy cows, Journal of Dairy Science, 101(8): 7146-7155.
https://doi.org/10.3168/jds.2017-14209

Kawas J., Andrade-Montemayor H., and Lu C., 2010, Strategic nutrient supplementation of free-ranging goats, Small Ruminant Research, 89: 234-243.
https://doi.org/10.1016/J.SMALLRUMRES.2009.12.050

Kholif A., Gouda G., Elella A., and Patra A., 2022, Replacing the concentrate feed mixture with Moringa oleifera leaves silage and Chlorella vulgaris

microalgae mixture in diets of damascus goats: lactation performance, nutrient utilization, and ruminal fermentation, Animals, 12(12): 1589.
https://doi.org/10.3390/ani12121589

Lee J., Seo J., Jung J., Lee J., Lee J., and Seo S., 2014, Effects of f-mannanase supplementation on growth performance, nutrient digestibility, and nitrogen

utilization of Korean native goat (Capra hircus coreanae), Livestock Science, 169: 83-87.
https://doi.org/10.1016/J.LIVSCI.2014.08.018
Liu Z.Y., and He Z.H., 2024, Ecological and agricultural significance of Triticeae: from forage to food security, Triticeae Genomics and Genetics, 15(2):
111-120.
http://dx.doi.org/10.5376/tgg.2024.15.0011

Machado-Ramos M., Meza-Herrera C., Santiago-Miramontes A., Mellado M., Véliz-Deras F., Arellano-Rodriguez F., Contreras-Villarreal V., Arévalo J.,

Carrillo-Moreno D., and Flores-Salas J., 2023, A circular economy approach to integrate divergent ruminant production systems: using dairy cow feed
leftovers to enhance the out-of-season reproductive performance in goats, Animals, 13(15): 2431.
https://doi.org/10.3390/ani13152431

Molina-Alcaide E., Morales-Garcia E., Martin-Garcia A., Salem H., Nefzaoui A., and Sanz-Sampelayo M., 2010, Effects of partial replacement of concentrate

with feed blocks on nutrient utilization, microbial N flow, and milk yield and composition in goats, Journal of Dairy Science, 93(5): 2076-2087.
https://doi.org/10.3168/jds.2009-2628
Monllor P., Muelas R., Roca A., Bueso-Rddenas J., Atzori A., Sendra E., Romero G., and Diaz J., 2021, Effect of the short-term incorporation of different

proportions of ensiled artichoke by-product on milk parameters and health status of dairy goats, Agronomy, 11(8): 1649.
https://doi.org/10.3390/agronomy11081649

Moroz M., and Samorukov V., 2020, Optimization of feeding conditions for dairy goats in order to increase their productivity, IOP Conference Series: Earth and
Environmental Science, 613(1): 012085.
https://doi.org/10.1088/1755-1315/613/1/012085

Pentz A., and Jones C., 2019, PSI-31 Impact of feeding increasing levels of dried distillers grains with solubles on Boer goat carcass characteristics, Journal of
Animal Science, 97: 253-253.
https://doi.org/10.1093/jas/skz258.514

Pomar C., Andretta I., and Remus A., 2021, Feeding strategies to reduce nutrient losses and improve the sustainability of growing pigs, Frontiers in Veterinary
Science, 8: 742220.
https://doi.org/10.3389/fvets.2021.742220

Quelen F., Brossard L., Wilfart A., Dourmad J., and Garcia-Launay F., 2021, Eco-friendly feed formulation and on-farm feed production as ways to reduce the

environmental impacts of pig production without consequences on animal performance, Frontiers in Veterinary Science, 8: 689012.
https://doi.org/10.3389/fvets.2021.689012

Renna M., Lussiana C., Colonna L., Malfatto V., Mimosi A., and Cornale P., 2022, Inclusion of cocoa bean shell in the diet of dairy goats: effects on milk

production performance and milk fatty acid profile, Frontiers in Veterinary Science, 9: 848452.
https://doi.org/10.3389/fvets.2022.848452

Rodrigues T., Santos S., Cirne L., Pina D., Alba H., Aratjo M., Silva W., Nascimento C., Rodrigues C., and Carvalho G., 2021, Palm kernel cake in
high-concentrate diets improves animal performance without affecting the meat quality of goat kids, Animal Production Science, 62(1): 78-89.
https://doi.org/10.1071/an21129

Romero-Huelva M., Ramirez-Fenosa M., Planelles-Gonzalez R., Garcia-Casado P., and Molina-Alcaide E., 2017, Can by-products replace conventional

ingredients in concentrate of dairy goat diet?, Journal of Dairy Science, 100(6): 4500-4512.
https://doi.org/10.3168/jds.2016-11766
Saputro A., Agustono B., Prastiya R., Mumtazi F., and Tito M., 2023, Optimization of sustainable goat farm productivity improvement through complete feed

introduction technology in Kaliploso Village, Banyuwangi, Journal of Basic Medical Veterinary, 12(2): 92-99.
https://doi.org/10.20473/jbmv.v12i2.48248

Sintori A., Tzouramani I., and Liontakis A., 2019, Greenhouse gas emissions in dairy goat farming systems: abatement potential and cost, Animals, 9(11): 945.
https://doi.org/10.3390/ani9110945

324


https://doi.org/10.1016/j.jclepro.2020.125585.
https://doi.org/10.3923/pjbs.2022.755.764.
https://doi.org/10.3168/jds.2017-14209.
https://doi.org/10.1016/J.SMALLRUMRES.2009.12.050.
https://doi.org/10.3390/ani12121589.
https://doi.org/10.1016/J.LIVSCI.2014.08.018.
http://dx.doi.org/10.5376/tgg.2024.15.0011
https://doi.org/10.3390/ani13152431.
https://doi.org/10.3168/jds.2009-2628.
https://doi.org/10.3390/agronomy11081649.
https://doi.org/10.1088/1755-1315/613/1/012085.
https://doi.org/10.1093/jas/skz258.514.
https://doi.org/10.3389/fvets.2021.742220.
https://doi.org/10.3389/fvets.2021.689012.
https://doi.org/10.3389/fvets.2022.848452.
https://doi.org/10.1071/an21129.
https://doi.org/10.3168/jds.2016-11766.
https://doi.org/10.20473/jbmv.v12i2.48248.
https://doi.org/10.3390/ani9110945.

~,

) International Journal of Molecular Zoology, 2024, Vol.14, No.6, 315-325
AnimalSei Publisher® http://animalscipublisher.com/index.php/ijmz

Sonea C., Gheorghe-Irimia R., Tapaloaga D., Gurau M., Udrea L., and Tapaloaga P., 2023, Optimizing animal nutrition and sustainability through precision
feeding: a mini review of emerging strategies and technologies, Agriculture, 15: 7-11.
https://doi.org/10.2478/agr-2023-0011

Souza V., Liebe D., Price T., Ellett M., Davis T., Gleason C., Daniels K., and White R., 2022, Algorithm development for individualized precision feeding of

supplemental top dresses to influence feed efficiency of dairy cattle, Journal of Dairy Science, 105(5): 4048-4063.
https://doi.org/10.3168/jds.2021-20841
Uyeh D., Pamulapati T., Mallipeddi R., Park T., Asem-Hiablie S., Woo S., Kim J., Kim Y., and Ha Y., 2019, Precision animal feed formulation: an evolutionary

multi-objective approach, Animal Feed Science and Technology, 256: 114211.
https://doi.org/10.1016/J. ANIFEEDSCIL.2019.114211

White R., and Capper J., 2014, Precision diet formulation to improve performance and profitability across various climates: modeling the implications of
increasing the formulation frequency of dairy cattle diets, Journal of Dairy Science, 97(3): 1563-1577.
https://doi.org/10.3168/jds.2013-6859

Zhu W., Xu W.,, Wei C., Zhang Z., Jiang C., and Chen X., 2020, Effects of decreasing dietary crude protein level on growth performance, nutrient digestion,

serum metabolites, and nitrogen utilization in growing goat kids (Capra hircus), Animals, 10(1): 151.
https://doi.org/10.3390/ani10010151

L 4
L 2

Disclaimer/Publisher’s Note

The statements, opinions, and data contained in all publications are solely those of the individual authors and contributors and do not

: ) represent the views of the publishing house and/or its editors. The publisher and/or its editors disclaim all responsibility for any harm or

~,

damage to persons or property that may result from the application of ideas, methods, instructions, or products discussed in the content.

AnimalSei Publisher®  pyblisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

325


https://doi.org/10.2478/agr-2023-0011.
https://doi.org/10.3168/jds.2021-20841.
https://doi.org/10.1016/J.ANIFEEDSCI.2019.114211.
https://doi.org/10.3168/jds.2013-6859.
https://doi.org/10.3390/ani10010151.

