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Abstract

This study evaluated the effects of corn-based total mixed ration supplemented with azolla on the production performance,
milk composition, feed efficiency, hematological parameters, and economic returns of upgraded Anglo-Nubian
multiparous goats. The study aimed to determine the potential of azolla as a sustainable and cost-effective feed supplement
for dairy goat production. An experimental research design was employed using upgraded Anglo-Nubian multiparous goats
subjected to different dietary treatments containing varying levels of azolla supplementation. Data were gathered through
feed intake monitoring, milk yield measurement, laboratory analysis of milk composition, hematological examination, and
economic evaluation. Statistical analyses were used to determine significant differences among treatments. Findings
revealed that goats supplemented with azolla exhibited improved milk yield, enhanced feed conversion efficiency, and
favorable milk crude protein and fat content compared with the control treatment. Hematological parameters remained
within normal physiological ranges, indicating that azolla supplementation did not adversely affect animal health.
Economic analysis further demonstrated improved profitability due to reduced feed costs and enhanced production
performance. The study concluded that azolla supplementation in corn-based total mixed ration can contribute positively
to dairy goat productivity, animal health, and economic sustainability, supporting the findings of Katole et al. (2017), Khare
et al. (2016), and Kumar et al. (2020). The study recommended the utilization of azolla as an alternative feed supplement
and suggested further studies on varying supplementation levels and feeding strategies. The study supports Sustainable
Development Goal (SDG) 2: Zero Hunger by promoting sustainable livestock production and improved food productivity,
and SDG 12: Responsible Consumption and Production through the utilization of alternative feed resources. Its
sustainability impact lies in enhancing the economic viability of dairy goat farming while promoting environmentally
sustainable feeding practices and efficient resource utilization.
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1. Introduction

Goats (Capra hircus) are recognized as important contributors to rural economies, especially in less developed regions
where goat populations continue to increase rapidly (Liang & Paengkoum, 2019). In the Philippines, the goat population
reached approximately 3.94 million heads, with 98% raised in backyard production systems (Philippine Statistics Authority
[PSA], 2021). Despite the growing importance of goat production, access to high-quality forage remains one of the major
constraints affecting productivity, particularly during drought periods in Asian countries. Feed quality and quantity directly
influence animal health, growth, and milk production. Several fodder resources are available; however, some contain anti-
nutritional factors that reduce feeding efficiency (Nahand et al., 2012; Aban et al., 2015). To address these challenges, total
mixed ration (TMR) feeding has emerged as an important feeding strategy that improves feed digestibility, nutrient balance,
and feed conversion efficiency. Corn-based TMR combines different feed ingredients into a balanced mixture to ensure a
consistent supply of nutrients, particularly during periods of poor pasture quality. Studies demonstrated that corn-based
TMR improves feed efficiency and milk production in livestock. Siaboc (2023) reported increased milk production in dairy
cattle supplemented with corn-based TMR enriched with Moringa oleifera.

Azolla pinnata has also been recognized as a promising feed supplement because of its high crude protein content, low
lignin concentration, rapid growth rate, and digestibility. Katole et al. (2017), Khare et al. (2016), and Kumar et al. (2020)
highlighted the high nutrient content of azolla, while Khare et al. (2016) and Kumar et al. (2020) emphasized its value as
a sustainable feed source in tropical and subtropical climates. Azolla supplementation has been associated with improved
milk production, feed efficiency, and animal performance. This study evaluated the effects of corn-based total mixed ration
supplemented with azolla on the milk yield, milk composition, feed intake, feed conversion ratio, metabolic body weight,
blood indices, and profitability of upgraded Anglo-Nubian multiparous goats.
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Existing literature highlights the importance of balanced feeding systems in improving ruminant productivity. Total mixed
ration feeding ensures that animals receive sufficient nutrients needed for growth, reproduction, and milk production
(Khiaosa-ard & Zebeli, 2014). Studies reported that goats fed with TMR demonstrated improved feed conversion
efficiency, growth performance, and milk production compared with animals receiving traditional feeding systems
(Ekeocha, 2012; Saeed et al., 2018; Tesfay et al., 2017). Corn silage has become an important forage component because
of its high energy content, palatability, and compatibility with TMR systems (Cherney et al., 2004; Kononoff et al., 2003).
Corn silage contributes starch and digestible fiber that support rumen fermentation and milk production (de Oliveira et al.,
2017; Khan et al., 2015; National Research Council, 2001). Proper ensiling practices improve nutrient preservation and
reduce spoilage (Bagg et al., 2007). Studies further showed that whole corn plant silage improves feed intake and animal
performance because of enhanced ruminal fermentation and nutrient availability (Khaing et al., 2015; Dewhurst, 2013).
However, improper silage management may reduce digestibility and productivity due to excessive fermentation acids
(Browne et al., 2004).

Research on azolla supplementation consistently emphasized its nutritional value. Azolla contains 19-30% crude protein,
essential amino acids, vitamins, and minerals (Kumari et al., 2018; Dev et al., 2022). Kumar et al. (2015) and Katole et al.
(2017) reported that azolla can partially replace concentrate feeds without negatively affecting feed intake, nutrient
utilization, or growth performance. Several studies also documented the positive effects of azolla supplementation on milk
production and composition. Ahmed et al. (2023), El Naggar and El-Mesery (2022), Kumar et al. (2020), and Meena et al.
(2017) reported increases in milk yield when azolla was incorporated into dairy cattle diets. Improvements in milk crude
protein and milk fat were also associated with azolla supplementation because of its high protein content and low lignin
concentration (Hassanein et al., 2023; Kour et al., 2020). Hematological studies showed that azolla supplementation
generally does not adversely affect red blood cells, white blood cells, packed cell volume, or hemoglobin levels in goats
and other livestock species (Kumar et al., 2015; Sihag et al., 2018; Anitha et al., 2016). These findings suggest that azolla
is a safe feed ingredient that supports livestock productivity without compromising animal health.

Globally, goat production remains an important source of food, livelihood, and income among smallholder farmers,
particularly in developing regions (Escarefio, 2013). Goat farming contributes to poverty reduction, food security, and
improved nutrition because of its low capital requirement and favorable economic returns (Orden, 2013; Kumar et al.,
2010). In the Philippines, smallholder goat farms account for more than 98% of the total goat inventory (PSA, 2019).
Government and private sector initiatives continue to promote goat production, including dairy goat dispersal programs
and community-based dairy goat projects. However, smallholder farmers continue to face challenges related to feed supply,
forage quality, and nutritional management. The increasing demand for goat milk and meat highlights the need for
sustainable feeding strategies that improve productivity while reducing production costs. Corn-based TMR and azolla
supplementation offer practical alternatives because both resources are locally available and suitable for tropical
environments. At the global level, sustainable livestock feeding systems are increasingly promoted to address
environmental concerns and resource limitations. Evans (2018) noted that whole corn plant silage may reduce methane
emissions from ruminants, contributing to greenhouse gas mitigation. Azolla also serves as an environmentally sustainable
feed resource because of its rapid biomass production and nitrogen-fixing capability.

The study was anchored on the concept that improved nutrient balance and digestibility enhance milk production, feed
efficiency, and animal health. Total mixed ration feeding ensures uniform nutrient intake by combining forage and
concentrates into a balanced ration. Corn-based TMR provides digestible energy and fiber necessary for rumen function
and milk synthesis. Azolla supplementation theoretically enhances nutrient utilization because of its high crude protein,
essential amino acids, minerals, and low lignin content. Hassanein et al. (2023) emphasized that low-lignin forages improve
digestibility and nutrient absorption, thereby supporting milk synthesis. Adesogan et al. (2019) and Ferraretto and Shaver
(2012) also explained that lower lignin concentrations improve dry matter intake and milk production. The conceptual
framework of the study identified corn-based total mixed ration with varying levels of azolla as the independent variable.
The dependent variables included milk yield, feed intake, feed conversion ratio, metabolic body weight, milk crude protein,
milk fat, cost analysis, and hematological parameters such as erythrocyte count, leukocyte count, packed cell volume, and
hemoglobin concentration.

Although previous studies demonstrated the nutritional and economic benefits of total mixed ration feeding and azolla
supplementation, limited studies have focused on the combined use of corn-based TMR and azolla in upgraded Anglo-
Nubian multiparous goats under Philippine production conditions. Existing research largely concentrated on dairy cattle,
growing goats, or other livestock species, with limited emphasis on lactating upgraded Anglo-Nubian goats. There is also
insufficient information regarding the effects of varying azolla inclusion levels on milk yield, milk composition, feed
efficiency, metabolic body weight, hematological parameters, and profitability in multiparous dairy goats. Furthermore,
while azolla has been recognized as a cost-effective feed ingredient, the optimal inclusion level for maximizing milk
production and economic returns without negatively affecting animal health remains unclear. This study addressed these
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gaps by evaluating different azolla inclusion levels in corn-based TMR and examining their effects on productivity, milk
quality, feed utilization, blood parameters, and cost efficiency.

The study aligns with several Sustainable Development Goals (SDGs) relevant to livestock production, food security,
sustainability, and rural development. SDG 2 — Zero Hunger is supported through the improvement of goat milk production
and feed efficiency, which can enhance food availability and nutritional security in rural communities. SDG 8 — Decent
Work and Economic Growth is reflected in the study’s emphasis on increasing the profitability of goat farming through
cost-effective feeding strategies and improved income over feed cost. SDG 12 — Responsible Consumption and Production
is addressed through the utilization of locally available feed resources such as corn silage and azolla, which reduce
dependence on expensive commercial feeds and promote sustainable resource utilization. SDG 13 — Climate Action is
supported through the promotion of sustainable feeding systems that may reduce methane emissions and improve feed
efficiency, as discussed by Evans (2018). SDG 15 — Life on Land is connected to the sustainable use of plant-based feed
resources and environmentally friendly forage production practices. 1.7 Importance of the Study to Multidisciplinary
Sustainability

The study contributes to multidisciplinary sustainability by integrating livestock nutrition, agricultural productivity,
environmental sustainability, rural livelihood development, and economic efficiency. From a socio-economic sustainability
perspective, the findings provide practical feeding alternatives that may increase milk production while lowering feeding
costs, thereby improving the profitability and resilience of smallholder goat farming systems. In terms of agricultural and
technological sustainability, the study promotes the adoption of innovative feeding technologies such as corn-based TMR
and azolla supplementation to improve feed utilization and livestock productivity. The research also contributes to
environmental sustainability by encouraging the use of renewable and locally available feed resources. Azolla cultivation
supports sustainable feed production because of its rapid growth and nitrogen-fixing properties, while corn silage utilization
contributes to efficient forage preservation. From a public health and nutritional sustainability standpoint, increased milk
production and improved milk composition may contribute to improved access to nutrient-rich dairy products in rural
communities. Finally, the study supports institutional and community sustainability by generating scientific information
that may guide extension programs, livestock development initiatives, and farmer education on sustainable goat production
practices.

2. Material and methods

2.1 Research Design

The study utilized an experimental research design using a Completely Randomized Design (CRD). Different dietary
treatments consisting of corn-based total mixed ration with varying levels of azolla supplementation were administered to
determine their effects on milk yield, milk composition, feed intake, feed conversion ratio, metabolic body weight,
hematological parameters, and economic performance of upgraded Anglo-Nubian multiparous goats. The treatments were
assigned randomly to experimental animals to minimize bias and ensure reliable comparison among treatment groups. The
experimental period included adaptation, feeding, and data collection phases to evaluate animal performance under
controlled management conditions.

2.2 Locale of the Study

The study was conducted at the goat production facility where upgraded Anglo-Nubian multiparous goats were maintained
under uniform housing and management conditions. The area provided suitable environmental and management conditions
for conducting feeding trials involving dairy goats. The feeding trial was performed under controlled conditions to ensure
consistency in feeding, handling, and observation of the animals throughout the experimental period.

2.3 Respondents of the Study

The experimental animals used in the study were upgraded Anglo-Nubian multiparous goats in the lactation stage. The
goats were selected based on similarity in age, body condition, physiological status, and health condition to reduce
variability among experimental units. All goats were maintained under similar management and health care practices
throughout the duration of the experiment to ensure consistency in data collection and animal performance evaluation.

2.4 Sample and Sampling Procedure

The goats were randomly distributed among treatment groups following the Completely Randomized Design. Each
treatment consisted of goats receiving corn-based total mixed ration with different levels of azolla supplementation. The
animals underwent an adaptation period prior to the feeding trial to familiarize them with the experimental diets and feeding
management. Feed and water were provided regularly, and the animals were monitored throughout the study period. Daily
feed allocation and feed refusals were measured to determine feed intake. Milk yield was recorded regularly during the
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lactation period. Body weight measurements were also obtained to calculate metabolic body weight and feed conversion
ratio.

2.5 Research Instrument

The primary materials used in the study included corn-based total mixed ration, azolla, feeding equipment, weighing scales,
and milk collection materials. Corn silage and other feed ingredients were prepared and mixed to formulate the
experimental diets according to the treatment requirements. Azolla pinnata was utilized as a feed supplement because of
its high crude protein content and nutritional value as reported by Katole et al. (2017), Khare et al. (2016), and Kumar et
al. (2020). The corn-based total mixed ration was formulated to provide balanced nutrients necessary for milk production
and animal maintenance. Milk samples were collected and analyzed for milk crude protein and milk fat content.
Hematological analyses included erythrocyte count, leukocyte count, packed cell volume, and hemoglobin concentration
to assess the health status of the goats during the feeding trial.

2.6 Data Gathering Procedure

The experimental animals were first subjected to an adaptation period before the actual feeding trial. During the feeding
period, the goats received their assigned dietary treatments consisting of corn-based total mixed ration with varying levels
of azolla supplementation. Feeds were offered daily, and feed refusals were collected and weighed to determine feed intake.
Water was provided ad libitum throughout the experiment. Milk production was measured regularly during the lactation
period, and milk samples were collected for laboratory analysis of milk composition. Body weights of the goats were
monitored to determine metabolic body weight and feed conversion efficiency. Blood samples were collected for
hematological analysis to evaluate the physiological responses of the animals to the dietary treatments. Economic data,
including feed cost and income over feed cost, were also recorded to assess the profitability of the feeding strategies.

2.7 Data Analysis Techniques

The collected data were subjected to statistical analysis appropriate for the Completely Randomized Design to determine
significant differences among treatment means. Parameters analyzed included milk yield, feed intake, feed conversion
ratio, metabolic body weight, milk crude protein, milk fat, hematological parameters, and economic returns. Mean
comparisons among treatments were conducted to evaluate the effects of varying levels of azolla supplementation in corn-
based total mixed ration. The results were interpreted to determine the effectiveness of corn-based total mixed ration with
azolla supplementation in improving milk production, feed utilization, animal health, and profitability of upgraded Anglo-
Nubian multiparous goats.

3. Results and Discussion
3.1 Effects of Azolla Supplementation on Production Performance

3.1.1 Milk Yield
The results showed that goats fed corn-based total mixed ration with azolla supplementation produced higher milk yield
compared with goats receiving diets without azolla. Increased levels of azolla supplementation generally improved milk
production performance throughout the feeding trial. The improvement in milk yield may be attributed to the high crude
protein and nutrient content of azolla, which enhanced nutrient availability and feed efficiency. Azolla is recognized as a
rich protein source capable of improving productivity in ruminants as reported by Katole et al. (2017), Khare et al. (2016),
and Kumar et al. (2020). Improved nutrient utilization likely supported greater milk synthesis and lactation performance in
the goats.

3.1.2 Feed Intake and Feed Conversion Ratio
The findings indicated variations in feed intake and feed conversion ratio among treatment groups. Goats receiving azolla-
supplemented diets showed improved feed conversion efficiency compared with those fed the control ration. Feed intake
remained acceptable across all treatments, indicating good palatability of the experimental diets. The improved feed
conversion ratio suggests that azolla supplementation enhanced nutrient digestibility and utilization efficiency. The
nutrient-rich composition of azolla, particularly its protein and mineral content, may have contributed to better rumen
function and metabolic efficiency. These findings support previous reports that azolla can serve as an effective feed
supplement for ruminants due to its nutritional quality (Khare et al., 2016).

3.1.3 Metabolic Body Weight
The results revealed no major adverse effects of azolla supplementation on the metabolic body weight of the goats. Animals
maintained relatively stable body conditions throughout the experimental period despite differences in dietary treatments.

The stable metabolic body weight indicates that the experimental diets were able to meet the maintenance and production
requirements of the goats. Adequate nutrient supply from the corn-based total mixed ration and azolla supplementation
likely supported normal physiological functions and energy balance during lactation.
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3.2 Effects on Milk Composition

3.2.1 Milk Crude Protein
Milk crude protein content increased in goats receiving azolla supplementation compared with the control group. Higher
supplementation levels generally resulted in improved milk protein composition. The increase in milk crude protein may
be associated with the high protein content of azolla, which enhanced amino acid availability for milk protein synthesis.
Similar findings have been reported in studies where protein-rich feed supplements improved milk quality and nutrient
composition in dairy animals (Kumar et al., 2020).

3.2.2 Milk Fat Content
The findings showed differences in milk fat content among treatment groups, with azolla supplementation contributing to
favorable milk fat levels. Goats fed supplemented diets maintained acceptable milk fat composition throughout the study.
The improvement in milk fat content may be related to enhanced rumen fermentation and nutrient metabolism resulting
from the inclusion of azolla in the diet. Balanced dietary nutrients are important in maintaining milk fat synthesis and
overall milk quality in lactating goats.

3.3 Hematological Parameters

3.3.1 Erythrocyte and Leukocyte Count
The hematological analysis showed that erythrocyte and leukocyte count of goats across treatments remained within normal
physiological ranges. No significant adverse effects were observed in animals receiving azolla supplementation. The
normal hematological values indicate that azolla supplementation did not negatively affect the health status of the goats.
Adequate nutrient intake and balanced dietary formulation likely supported normal blood cell production and immune
function during the feeding trial.

3.3.2 Packed Cell Volume and Hemoglobin Concentration
Packed cell volume and hemoglobin concentration remained relatively stable among treatment groups throughout the
experiment. The goats maintained normal physiological conditions regardless of dietary treatment. The stable packed cell
volume and hemoglobin concentration suggest that the experimental diets provided sufficient nutrients necessary for
maintaining proper oxygen transport and blood health. These findings indicate that azolla can be incorporated into goat
diets without causing negative hematological effects.

3.4 Economic Performance
3.4.1 Feed Cost and Profitability

The results showed that azolla supplementation influenced feed cost and income over feed cost among treatment groups.
Diets containing azolla demonstrated improved economic returns due to enhanced milk production and feed utilization
efficiency. The improved profitability may be attributed to the relatively low cost and high nutritional value of azolla as a
feed resource. Increased milk yield combined with efficient feed utilization contributed to better economic performance of
the goats. These findings support the potential of azolla as a sustainable and cost-effective feed supplement for dairy goat
production.

3.5 Overall Implications of the Study

The overall findings demonstrated that corn-based total mixed ration supplemented with azolla positively affected milk
production, milk composition, feed efficiency, hematological parameters, and economic returns in upgraded Anglo-Nubian
multiparous goats. The study confirms the potential of azolla as an alternative protein-rich feed supplement for dairy goats.
Its nutritional benefits and economic advantages support its use in improving productivity and sustainability in small
ruminant production systems, consistent with findings reported by Katole et al. (2017), Khare et al. (2016), and Kumar et
al. (2020).

4. Conclusion & Recommendations

The study demonstrated that corn-based total mixed ration supplemented with azolla positively influenced the production
performance, milk composition, feed efficiency, hematological parameters, and economic returns of upgraded Anglo-
Nubian multiparous goats. Goats receiving azolla supplementation showed improved milk yield, better feed conversion
efficiency, favorable milk crude protein and fat content, and maintained normal hematological values throughout the
experiment. The findings indicate that azolla can serve as a nutritious and cost-effective feed supplement that supports
improved productivity and sustainability in dairy goat production systems, consistent with the findings of Katole et al.
(2017), Khare et al. (2016), and Kumar et al. (2020).

Based on the findings of the study, the inclusion of azolla in corn-based total mixed ration is recommended for dairy goat
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production due to its positive effects on milk production, feed utilization, animal health, and economic performance.
Further application of azolla supplementation may help improve the sustainability and profitability of small ruminant
production systems. Additional studies may also be conducted to evaluate different supplementation levels and feeding
strategies under varying production conditions while maintaining the nutritional benefits observed in this study.
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research by ensuring voluntary participation with informed consent, the right to withdraw without penalty, and strict
confidentiality through anonymous, secure, and aggregated data handling. Given the focus on psychological well-being,
procedures were non-invasive, and safeguards were observed to minimize discomfort, with guidance to appropriate support
services when needed, and required institutional permissions were secured for instrument use and access to academic
records.

REFERENCES

Aban, M. L., Gonzales, L. M. R., & Bestil, L. C. (2015). Voluntary feed intake in goats of foliages with varying pH levels
from selected trees and shrubs. International Journal of Scientific and Research Publications, 5(1).

Adesogan, A. T., Fales, S. L., & Jung, H. G. (2019). Technologies for improving fiber utilization. University of Florida
Animal Sciences.

Ahmed, G. R. M., Hanafy, M. A., Mahmoud, A. E. M., & Bakr, M. H. (2023). Impact of replacing concentrated ingredients
by Azolla plant on dairy cattle performance. International Journal of Dairy Science, 18(1), 1-7.
https://doi.org/10.3923/ijds.2023.1.7

Anitha, K. C., Rajeshwar, Y. B., Gouri, M. D., & Shree, J. S. (2016). Effect of inclusion of Azolla pinnata on the
hematological parameters of broiler rabbits. International Journal of Applied and Pure Science and Agriculture,
2(10), 93-97.

Bagg, J., Stewart, G., & Wright, T. (2007). Harvesting corn silage at the right moisture. Ontario Ministry of Agriculture,
Food and Rural Affairs. http://www.omafra.gov.on.ca/english/crops/facts/98-043.htm

Browne, E. M., Juniper, D. T., Bryant, M. J., Beever, D. E., & Fisher, A. V. (2004). Intake, live-weight gain, and carcass
characteristics of beef cattle given diets based on forage maize silage harvested at different stages of maturity.
Animal Science, 79(3), 405—413. https://doi.org/10.1017/S1357729800090275

Cherney, D. J. R., Cherney, J. H., & Cox, W. J. (2004). Fermentation characteristics of corn forage ensiled in mini-silos.
Journal of Dairy Science, 87, 4238—-4246. https://doi.org/10.3168/jds.S0022-0302(04)73569-9

de Oliveira, I. L., Lima, L. M., Casagrande, D. R., Lara, M. A. S., & Bernardes, T. F. (2017). Nutritive value of corn silage
from intensive dairy farms in Brazil. Revista Brasileira de Zootecnia, 46(6), 494-501.
https://doi.org/10.1590/S1806-92902017000600004

Dewhurst, R. J. (2013). Milk production from silage: Comparison of grass, legume and maize silages and their mixtures.
Agricultural and Food Science, 22(1), 57-69. https://doi.org/10.23986/afsci.6673

Ekeocha, A. (2012). Performance of growing West African dwarf ewe fed Mexican sunflower leaf meal based diets.
Journal of Recent Advances in Agriculture, 1(3), 69—76.

El Naggar, S., & El-Mesery, H. S. (2022). Azolla pinnata as unconventional feeds for ruminant feeding. Bulletin of the
National Research Centre, 46. https://doi.org/10.1186/s42269-022-00752-w

Escareio, L., Salinas-Gonzalez, H., Wurzinger, M., Iiiguez, L., Solkner, J., & Meza-Herrera, C. (2013). Dairy goat
production systems: Status quo, perspectives and challenges. Tropical Animal Health and Production, 45, 17-34.
https://doi.org/10.1007/s11250-012-0246-6

Ferraretto, L. F., & Shaver, R. D. (2012). The effect of acid detergent lignin concentration for diets formulated to be higher
in fiber digestibility on dairy cow performance. Journal of Dairy Science, 95(2), 1041-1052.
https://doi.org/10.3168/jds.2011-4703

Hassanein, H. A., Maggiolino, A., Abou El-Fadel, M. H., De Palo, P., El-Sanafawy, H. A., Hussein, A. M., & Salem, A.
Z. (2023). Inclusion of Azolla pinnata as an unconventional feed for Zaraibi dairy goats, and effects on milk
production and offspring performance. Frontiers in  Veterinary  Science, 10, 1101424.
https://doi.org/10.3389/fvets.2023.1101424

Katole, S. B., Lende, S. R., & Patil, S. S. (2017). A review on potential livestock feed: Azolla. Livestock Research
International, 5(1), 1-9.

Khaing, K. T., Loh, T. C., Ghizan, S., Halim, R. A., & Samsudin, A. A. (2015). Feed intake, growth performance, and
digestibility in goats fed whole corn plant silage and Napier grass. Malaysian Journal of Animal Science, 18(1),
87-98.

International Journal of Sustainability and Advanced Integrated Research

2562
Volume 2, Issue 2 (April-June 2026) | ISSN: 3107-7854


https://doi.org/10.3923/ijds.2023.1.7
http://www.omafra.gov.on.ca/english/crops/facts/98-043.htm
https://doi.org/10.1017/S1357729800090275
https://doi.org/10.3168/jds.S0022-0302(04)73569-9
https://doi.org/10.1590/S1806-92902017000600004
https://doi.org/10.23986/afsci.6673
https://doi.org/10.1186/s42269-022-00752-w
https://doi.org/10.1007/s11250-012-0246-6
https://doi.org/10.3168/jds.2011-4703
https://doi.org/10.3389/fvets.2023.1101424

International Journal of Sustainability and Advanced Integrated Research
Volume 2, Issue 2 (April-June 2026) | ISSN: 3107-7854

Khan, N. A, Khan, N., Tang, S., & Tan, Z. (2023). Optimizing corn silage quality during hot summer conditions of the
tropics: Investigating the effect of additives on in-silo fermentation characteristics, nutrient profiles, digestibility,
and post-ensiling stability. Frontiers in Plant Science, 14, 1305999. https://doi.org/10.3389/fpls.2023.1305999

Khan, N. A., Yu, P., Ali, M., Cone, J. W., & Hendriks, W. H. (2015). Nutritive value of maize silage in relation to dairy
cow performance and milk quality. Journal of the Science of Food and Agriculture, 95(2), 238-252.
https://doi.org/10.1002/jsfa.6703

Khare, A., Chatterjee, A., Mondal, M., Karunakaran, M. K., Ghosh, M., & Dutta, T. K. (2016). Effect of supplementing
Azolla microphylla on feed intake and blood parameters in growing crossbred female calves. Indian Journal of
Animal Nutrition, 33,224-227. https://doi.org/10.5958/2231-6744.2016.00039.6

Khiaosa-Ard, R., & Zebeli, Q. (2014). Cattle's variation in rumen ecology and metabolism and its contributions to feed
efficiency. Livestock Science, 162, 66—75. https://doi.org/10.1016/].livsci.2014.01.005

Kononoff, P. J., Heinrichs, A. J., & Lehman, H. A. (2003). The effect of corn silage particle size on eating behavior,
chewing activities and rumen fermentation in lactating cows. Journal of Dairy Science, 86, 3343-3353.
https://doi.org/10.3168/jds.S0022-0302(03)73937-X

Kour, M., Khan, N., Singh, R., Mahajan, V., Amrutkar, S. A., & Kumar, D. (2020). Effect of Azolla pinnata
supplementation on milk yield, composition and economics in crossbred HF cows. International Journal of
Current Microbiology and Applied Sciences, 9(10), 2661-2666. https://doi.org/10.20546/ijcmas.2020.910.320

Kumar, A. S., Murugesan, S., & Balamurugan, P. (2020). Feeding of Azolla as a green fodder feed supplement on
productive performance and milk composition of crossbred dairy cows in Theni District of Tamil Nadu, India.
International  Journal of  Current  Microbiology  and  Applied  Sciences, 9, 1382-1388.
https://doi.org/10.20546/ijcmas.2020.906.171

Kumar, R., Tripathi, P., Chaudhary, U. B., Tripathi, M. K., & Singh, R. K. (2015). Effect of azolla-based complete pellet
feed on growth, nutrient utilization, blood metabolites and rumen fermentation in Barbari goats. Indian Journal
of Animal Sciences, 85(8), 897-901. https://doi.org/10.56093/ijans.v85i18.50979

Kumar, S., Rao, C. A. R., Kareemula, K., & Venkateswarlu, B. (2010). Role of goats in livelihood security of rural poor
in the less favoured environments. Indian Journal of Agricultural Economics, 65, 761-781.
https://doi.org/10.22004/ag.econ.204725

Kumari, R., Dhuria, R. K., Patil, N. V., Sawal, R. K., & Singh, S. (2018). Chemical composition and pellet quality of Azolla
pinnata grown in semi-arid zone of India. International Journal of Chemical Studies, 6(3), 2031-2033.

Liang, J. B., & Paengkoum, P. (2019). Current status, challenges and the way forward for dairy goat production in Asia—
conference summary of dairy goats in Asia. Asian-Australasian Journal of Animal Sciences, 32(8), 1233—-1243.
https://doi.org/10.5713/ajas.19.0272

Meena, G. S., Dhaka, B. L., Singh, B., Meena, R. K., & Meena, K. C. (2017). Effect of Azolla as feed supplement on milk
yield in buffaloes. International Journal of Current Microbiology and Applied Sciences, 6, 3490-3494.
https://doi.org/10.20546/ijcmas.2017.612.406

Nahand, M. K., Doust-Nobar, R. S., Maheri-Sis, N., & Mahmoudi, S. (2012). Determination of feed value of cherry,
apricot, and almond tree leaves in ruminant using in situ method. Open Veterinary Journal, 2(1), 83-87.
https://doi.org/10.5455/0VJ.2012.v2.10.p83

National Research Council. (2001). Nutrient requirements of dairy cattle (7th ed.). National Academies Press.

Orden, M. E. M., Carbonel, N. R., Porciuncula, F. L., Cruz, E. M., & Orden, E. A. (2013). Technology transfer on goat in
Central Luzon, Philippines: Its socio-economic contribution to goat farming among rural households. Paper
presented during the 49th PAEDA Biennial Convention, Central Mindanao University, Bukidnon, Philippines.

Philippine Statistics Authority. (2019). Goat situation report January—December 2019.

Philippine Statistics Authority. (2021). Goat situation report, April-June 2021.

Saeed, O. A., Sazili, A. Q., Akit, H., Alimon, A. R., & Samsudin, A. A. B. (2018). Effect of corn supplementation on
purine derivatives and rumen fermentation in sheep fed PKC and urea-treated rice straw. Tropical Animal Health
and Production, 50(8), 1859—1864. https://doi.org/10.1007/s11250-018-1636-1

Siaboc, N. V. (2023). Milk production of dairy cattle supplemented with corn-based total mixed ration with Moringa
oleifera (C-TMR-M). International Journal of Biosciences, 22(6), 19-24. https://doi.org/10.12692/ijb/22.6.19-24

Sihag, S., Sihag, S. Z., Kumar, S., & Singh, N. (2018). Effect of feeding Azolla pinnata based total mixed ration on growth
performance and nutrients utilization in goats. Forage Research, 43(4), 314-318.

Tesfay, G., Tamir, B., & Berhane, G. (2017). Carcass and non-carcass characteristics of Tigray highland lambs fed
mulberry (Morus alba) leaf meal at different supplementation levels. Journal of Scientific and Innovative
Research, 6(3), 104-109. https://doi.org/10.31254/jsir.2017.6304

International Journal of Sustainability and Advanced Integrated Research 2563
Volume 2, Issue 2 (April-June 2026) | ISSN: 3107-7854


https://doi.org/10.3389/fpls.2023.1305999
https://doi.org/10.1002/jsfa.6703
https://doi.org/10.5958/2231-6744.2016.00039.6
https://doi.org/10.1016/j.livsci.2014.01.005
https://doi.org/10.3168/jds.S0022-0302(03)73937-X
https://doi.org/10.20546/ijcmas.2020.910.320
https://doi.org/10.20546/ijcmas.2020.906.171
https://doi.org/10.56093/ijans.v85i8.50979
https://doi.org/10.22004/ag.econ.204725
https://doi.org/10.5713/ajas.19.0272
https://doi.org/10.20546/ijcmas.2017.612.406
https://doi.org/10.5455/OVJ.2012.v2.i0.p83
https://doi.org/10.1007/s11250-018-1636-1
https://doi.org/10.12692/ijb/22.6.19-24
https://doi.org/10.31254/jsir.2017.6304

