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Abstract 

The increased population of livestock has increased burden on use of conventional animal feed. 

Therefore, attempt has been made to use different unconventional feedstuff to reduce the dependency on 

conventional animal feed. Moringa oleifera is considered as one of most useful trees to use as feed supplements 

for animals as their leaves are highly nutritious, palatable and digestible with balanced chemical composition of 

protein and minerals. Moringa leaves are readily eaten by cattle, sheep, goats, pigs and rabbits. As new source of 

protein, M. oleifera has great potential to combat the feeding crisis. This review explores the possibilities of safe 

use of M. oleifera as a feed in different animal species, its nutrient content, digestion, and absorption 

characteristics, and its feeding effects. 
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Introduction 
India possesses the highest livestock population in the world. According to the 20 th livestock census, the 

total Livestock population is 535.78 million in the country showing an increase of 4.6% over previous census.  

Though India has a huge livestock population yet the production of milk per animal and other livestock products 

is very low compared to other country. The main reason for the low productivity of our farm animals is the 

feeding of poor quality feeds and fodders to animal due to feed shortage along with the low genetic potential of 

the animals (Sharma et al., 2021).  

The need to introduce locally available, cheap alternative feeds and fodders has become imperative to 

overcome nutritional crisis and to ensure optimum production of livestock throughout out the year. There has 

been an increase in the use of plant leaf meals in animal diets since protein from leaf sources is likely the most 

naturally available and affordable source of protein (Amata, 2014). 

Moringa tree (Moringa oliefera), is a fast growing, hardy tree native to Indian sub continents.  Some 

common name of moringa includes “drumstick tree”, “horseradish tree” and Sajina (local name in Assam). 

Moringa belongs to the  Moringaceae family. The family consists of the single genus Moringa and the botanical 

name of the tree is Moringa oleifera. It is grown all over the tropics for its multipurpose use viz. human food, 

livestock feeds, medicinal values, water purification etc. Moringa oleifera, also known as the “miracle tree” due 

to its immense medicinal and nutritional benefits. It is very widely adaptable, drought tolerant and can withstand 

diverse temperature range, soil types and has very fast growth. It has been reported to be used as animal feed/ 

fodder besides being used for human consumption. As M. oleifera leaves have noticeably higher quantities of 

crude protein, vitamins, and minerals, and little to no anti-nutritional factor compared to other leafy vegetables or 

fodders, they can be utilized as livestock feed (Bukola Babatunde, 2016). Dry M. oliefera leaves contain 28% 

CP, 6.23% EE, 15.39% CF, 41.95% NFE and 8.43% ash (Elaidy et al., 2017).  In this context, the present review 

study is conducted to assess the potential of M. oliefera as alternative protein sources for livestock. 

Cultivation of Moringa 

The southern Indian states of Tamil Nadu, Andhra Pradesh, Karnataka, and Kerala are the main 

locations for moringa cultivation. Two methods are used to propagate moringa: direct field sowing of the seeds 

and transplantation of cuttings and seedlings. For a very long time, cultivating primarily perennial varieties has 

been known. July to October is the ideal time of year to grow moringa. At a maximum depth of 2 cm, seeds 

germinate in a span of two weeks. When seedlings are scheduled in nursery, they can be transplanted 3-6 weeks 

following germination or at a height of approximately 30 cm (Ojiako et al., 2011). Each acre needs 25 kg of 

seeds. Cutting is preferable, when labor or seed availability is not a constraint. 

An exact replica of the mother tree is expected when cuttings are used rather than seeds. Additionally, 

cuttings often grow more quickly, starts blooming within eight months. According to Ramachandran et al. 

(1980), plants grown from seeds yield lower-quality fruits. However, Animashaun et al. (2013) propose that trees 

grown from seeds have longer roots than trees grown from cuttings, which is advantageous for stabilization and 

water access. Depending on growth, the leaves can be harvested six to twelve months after planting. This crop 

yields between 50 and 55 tons of pods per hectare. 

Nutrient composition of Moringa oliefera 

Dry M. oliefera leaves (DMOL) contains 28% CP, 6.23% EE, 15.39% CF, 41.95% NFE and 8.43% ash 

(Elaidy et al., 2017). According to Moyo et al., (2011), the dried leaf of M. oliefera has crude protein levels of 

30.3% and 19 amino acids. They listed the mineral composition as 3.65% calcium, 0.3% phoshorus, 0.5% 

magnesium, 1.5% potassium, 0.164% sodium, 0.63% sulphur, 8.25% copper, 13.03 mg/kg zinc, 86.8 mg/kg 

manganese, 490 mg/kg iron and 363 mg/kg selenium. The neutral detergent fibre (NDF), acid detergent fibre 

(ADF), acid detergent lignin (ADL) and acid detergent cellulose (ADC) were 11.4, 8.49, 1.8 and 4.01 percent 

respectively. They reported that the dried leaves of M. oliefera contain around 3.2% the condensed tannins and 

2.02% total polyphenols. 

Plant secondary metabolites and bioactive compounds 

The young forages (leaves plus stems) of  M. oleifera  have moderate amounts of secondary metabolites 

and bioactive compounds with pharmacological or nutraceutical and growth promoting properties, which are 

concentrated in the leaves, petioles and to a lesser extent in the stems(Valdivie et al., 2020). However, the 

amount of antinutrients in M. oleifera leaf fluctuates depending on the genetic make-up of the plant, including 

the cultivation and growing conditions (Sultana et al., 2014). For instance, the content of tannins present 

in Moringa leaves ranges from 12.0 to 20.6 mg/g (Ferreira et al., 2008). Although an M. oleifera leaves contains 

saponins, which give it a bitter flavor, they are only present as 4.7–5 g/kg of dry matter content. This quantity 

cannot cause any adverse effects on livestock (Moyo et al., 2011). Another detrimental antinutrient that is 

frequently present in tree leaf forages is lignin. The adverse effects of lignin in Moringa leaf meal has not been 
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studied, but M. oleifera leaves have relatively low fiber contents (5.9%in dry matter) (Su and Chen, 2020). At 

this percentage, adverse effects from lignin are negligible. Notably, lignin content in tree leaves tends to increase 

with growth time. Lignin accumulation in M. oleifera leaves can be prevented by shortening the cutting interval 

and harvesting young leaves during the early vegetative period.  Additionally, M. oleifera leaves have lower 

phytate and oxalate concentrations than other common vegetables (Shih et al., 2011). Only 22.3 mg/g in dry 

matter of phytates can be found in M. oleifera leaf (Stevens et al., 2015). In a similar way, the amount of oxalate 

in spinach leaf is 125.7 mg/g, while that in green amaranth leaf is 100.5 mg/g (Radek and Savage, 2008). The 

concentration of antinutritional factors of the M. oleifera (leaves plus stems) does not cause damage. In reality, it 

is not necessary to completely remove the antinutritional components from M. oleifera  leaves because including 

small amounts of these components in animal feed not only helps to improve the quality of the meat but also 

lowers methane emission from ruminants (Su and Chen, 2020). 

Effect of feeding Moringa leaf meal in ruminant performance 

The growing human population has increased the demand for meat products worldwide. In addition to 

providing high-quality proteins for human, ruminants are significant source of greenhouse gas emissions. Each 

year, approximately 100 million tons of methane is released by cattle (Gerber et al., 2013). Reducing the 

intensity of emissions can stop significant increases in the total amount of CH4 emissions from ruminants. The 

control of amount of CH4 produced is mostly dependent on the composition of animal feed. In the ruminant 

stomachs, methanogenic microbes (which are members of the Archaea) produce methane. In order to remove or 

significantly lessen the activity of the methanogenic microbes in the gut, animal feed has recently been 

supplemented with biological and chemical CH4 inhibitors as part of ruminant CH4 reduction efforts (Haque, 

2018). Because M. oleifera leaves are potent natural methanogen inhibitors, they are being explored as a 

substitute for important antibiotic feed additives that alternates ruminal fermentation pathways (Soliva et al., 

2005). Dong et al. (2019) added M. oleifera leaves to the diet to observe its effect on the fecal methanogenic 

community and production performance in nursing cows. They observed that M. oleifera altered the diversity 

and composition of methanogens as well as the improved fat content in the milk. Methanobrevibacter sp. was 

found to be the predominant archaeal species in the fecal community in the control treatment. In comparison to 

the control group, the abundance of Methanobrevibacter ruminantium dropped when M. oleifera was introduced 

to the diet, while Methanosphaera and Methanosphaera sp. rose. Therefore, M. oleifera may lower CH4 

emissions by changing the microbiomes in the rumen. Soliva et al. (2005) reported that M. oleifera may lower 

CH4 emissions. When M. oleifera leaves were fully extracted from the diet, they found a 17% reduction in daily 

methane output as opposed to diets that contained soybean or rapeseed meal. A different in vitro investigation 

also suggested that substituting M. oleifera leaf meal for soybean meal may cut CH4 emissions by as much as 

50% (Elghandour et al., 2017). In a similar way, Parra-Garcia et al. (2019) carried out an in vitro study on 

dietary corn grain using M. oleifera leaf extracts to assess the impact on ruminal fermentation. They discovered 

that high concentrations of M. oleifera extract delayed the start of CH4 production, which in turn reduced the 

production of CH4, CO2, and total biogas. This outcome is consistent with the findings of Dey et al. (2014), who 

were able to lower the methane level and raise the organic matter's degradability in vitro by supplementing 

buffalo diet with wheat straw that included M. oleifera leaves. These effects could be connected to the tannins or 

saponins found in Moringa leaves. 

Using live yeast cultures (Saccharomyces cerevisiae) and M. oleifera extracts as feed supplements, 

Pedraza-Hernández et al. (2019) offered a novel and intriguing technique to investigate the sustainable reduction 

of CH4 emissions from goats. With a low emission rate of 11.7% after 72 hours of incubation, this study 

demonstrated the great efficacy of combining M. oleifera extract and S. cerevisiae in the diet to inhibit the 

generation of methane. Furthermore, the interaction between S. cerevisiae and M. oleifera extract considerably 

reduced the proportionate CO2 production during 8, 24, 48, and 72 hours of incubation. This study is partially in 

accordance with the findings of Polyorach et al. (2014), which indicated that dose-dependent supplementing 

causes growth performance and CH4 emission to rise and decrease, respectively. As a result, M. oleifera leaves 

may be added to ruminant diets as a useful natural feed supplement to decrease CH4 generation and improve 

ruminal nutrient utilization efficiency. 

Since ruminant can digest cellulose, lignin, and other secondary metabolites due to their rumen structures, 

they can also digest forages from tree, such as M. oleifera. Supplementation of 25, 50, 75 and 100% M. 

oleifera leaf meal in daily diets of ram as replacement for cotton seed meals did not alter body weight gain 

relative to the body weight gain in the control group (Adegun and Aye, 2013). Similarly, Manh et al. (2005) 

leaves did not observe difference in feed intake, ruminating rate, and digestibility in goats fed with M. 

oleifera leaves compared with those with Leucaena leucocephala. Increase in live weight gain, and digestibility 

of dry matter, crude protein, neutral detergent fiber, and organic matter in goats was observed by Aregheore, 

(2002) when fresh M. oleifera  leaves were fed at 20 and 50% as replacement for batiki grass incomparison to to 

control. Kholif et al. (2016) illustrated that feed intakes and body weight changes showed improvement when the 

https://www.sciencedirect.com/science/article/pii/S1319562X21002989#b0160
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Panicum maximum diet was supplemented with M. oleifera leaf mealdiets. Kholif et al. (2019) also reported that 

supplementing diets of Nubian does with M. oleifera  extract enhanced milk yield by about 6% and energy-

corrected milk yield by 12%. M. oleifera extract decreased milk individual and total saturated fatty acids by 

about 4.6–5.6%, and increased individual and total unsaturated fatty acids by about 11.5–13.9%. Similarly, 

increase in total conjugated linoleic acid by about 17.4–23.2% was also noticed. Dietary inclusion of M. 

oleifera significantly decreased the concentrations of serum triglycerides and cholesterol but increased (p < 0.05) 

the concentration of serum glucose in lactating goats (Kholif et al., 2016). Fadiyimu et al. (2010) reported that 

feeding of Panicum maximum meal with 25% M. oleifera leaves supplements led to higher crude protein intake, 

dry matter and nutrient digestibility, nitrogen retention, and hematological profile gain in West African dwarf 

sheep. As per the report of Kholif et al. (2018) replacement of 75% dry matter of berseem clover with M. 

oleifera leaf can improve utilization of feed in Nubian goats. Moringa diets also increased serum total protein, 

albumin, and glucose levels but decreased cholesterol and triglyceride levels. It has been observed that 

supplementation of M. oleifera leaf meal improves not only growth performance but also milk output and the 

quality of cows and goats (Kholif et al., 2019; Babiker et al., 2017; Sanchez et al., 2006). According to Kholif et 

al. (2018), supplementation with M. oleifera leaf to replace 75% dry matter of berseem clover can improve feed 

utilization in Nubian goats. They also observed that Moringa diets increased serum total protein, albumin, and 

glucose levels but decreased cholesterol and triglyceride levels. This study demonstrated that dietary 

supplementation with Moringa leaves is a potential strategy to improve meat quality. Moreover, M. oleifera leaf 

extract is a powerful ingredient for increasing feed intake, and the digestibility of dry matter, organic matter, and 

neutral detergent fiber and does not affect the digestibility of crude protein in Nubian goats (Kholif et al., 2019). 

As a nutrient source supplement to forage, M. oleifera leaf meal improves not only growth performance but also 

milk output and the quality of cows and goats (Kholif et al., 2019; Babiker et al., 2017; Sanchez et al., 2006). 

Shankhpal et al. (2019) studied the effect of feeding Moringa (Moringa oleifera) as green fodder on feed 

intake, milk yield, microbial protein synthesis, and blood profile, a study was conducted on twenty lactating 

crossbred cows and found improvement in milk yield, and milk fat; improved carotene content in milk, increased 

intestinal flow of microbial nitrogen and thus improving net daily income of dairy farmers.  Abdel-Raheem and 

Hasan (2021) found that dietary supplementation of 15% Moringa leaf meal improved rumen fermentation, 

growth performance, blood metabolites, plasma IGF-I and mitigated ammonia and methane without any adverse 

effects in growing buffalo calves. El-Badawi et al. (2023) reported that 50 g M. olifera leaves powder 

supplementation to the diets of milking buffaloes improved milk yield, milk composition, nutrients digestibility, 

nutritive value and total antioxidant capacity. Zeng et al. (2017) illustrated that The partial replacement of alfalfa 

hay (≤50%) and maize silage with M. oleifera silage had no negative effects on milk yield, in vivo nutrient 

apparent digestibility and serum biochemical profiles of lactating cows. M. oleifera leaves can therefore be 

utilized as an alternate source of protein for animal nutrition, particularly for ruminants. Bashar et al. (2020) 

reported significantly higher milk yields , better feed efficiency, increased  concentration of total volatile fatty 

acid and decreased blood and milk cholesterol, and ammonia-nitrogen (NH3-N) in lactating cows fed on  

moringa feed  without showing any significant (p > 0.05) change in CH4 production, fat, solid not fat, lactose or 

protein content of milk. 

Effect of feeding Moringa leaf meal in non ruminant performance 

It has been observed that feeding of M. oleifera leaf meal is effective in improve bowel health by 

balancing intestinal microflora, thus promoting weight gain (Ferreira et al., 2019; Nkukwana et al., 2014). Alabi 

et al. (2017) observed higher body weights, low total feed intake, and improved feed conversion ratio in broilers 

whose diet was supplemented with M. oleifera leaf extracts. These results might be attributed to presence of 

bioactive components, which improve nutrient utilization in Moringa leaf extracts. The benefits of dietary 

supplementation with M. oleifera leaf meal in commercial broiler chickens were studied by Rao et al. (2018). 

They observed adding M. oleifera leaf meal (500 and 1,000 mg/kg) to the diet of 42-day-old commercial broiler 

chickens boosted humoral immune response and decreased lipid peroxidation in the liver without having any 

detrimental impacts on performance or carcass qualities. On the other hand, Onunkwo and George (2015) found 

no significant differences in broiler chickens' feed intake and body growth weight when fed soybean meal with 

M. oleifera leaf at the rates of 0.0, 5.0, 7.5, and 10%, demonstrating that M. oleifera leaf meal can replace a 

portion of the protein source in poultry diets without having a negative impact on growth performance. Similar 

findings were made by Ayssiwede et al. (2011), who found that adding up to 24% of M. oleifera leaf to 

groundnut cake meal had no negative effects on the characteristics of Senegal chicken’s average daily gain, feed 

conversion ratio, total weight gain, mortality, carcass, or organs. The most financially successful diets for 

chickens were those containing 8 and 16% M. oleifera leaf, which significantly accelerated their growth rates. 

 Positive effect of inclusion of M. oleifera leaf meal in layer diet for improvement performance and egg 

quality of has been reported. Olugbemi et al. (2010) observed that in commercial egg strain chickens, the egg 

production was not affected on addition of 5 and 10% M. oleifera leaves into cassava-chip-based diets. Similarly, 

https://www.sciencedirect.com/science/article/pii/S1319562X21002989#b0160
https://www.sciencedirect.com/science/article/pii/S1319562X21002989#b0160
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increase in egg weight was reported by Kakengi et al. (2007) on replacement of 15 or 20% sunflower seed meal 

with M. oleifera leaf powder. 

M. oleifera leaf meal has been reported to be improve pork quality. Abdel-Azeem et al. (2017) described 

that finisher pigs fed with meal containing up to 5% M. oleifera leaf did not show any negative effect on feed 

conversion ratio and carcass traits (e.g., cutability and backfat thickness) and even developed a strong acceptable 

odor and a striking dark red color in meat that has been refrigerated for long time. Pigs fed containing more than 

5% M. oleifera leaf meal had higher daily feed intake but their feed conversion ratio were poorer than pigs fed 0, 

2.5, and 5% M. oleifera leaf meal (Mukumbo et al., 2014). However, Dany et al. (2016) found no growth-related 

effects from feeding up to 40% M. oleifera leaf to Mexican hairless pigs. Unsaturated fatty acids, which are 

beneficial to consumer health, were found in greater quantities in meat and subcutaneous fat due to consumption 

of M. oleifera leaf meal. Similar results were reported by Acda et al. (2010), who did not observe any effect on 

average daily gains when Commercial pre-starter and starter pigs were fed with 10% M. oleifera leaf. Barman et 

al. (2020) studied the effects of replacing groundnut cake (5%,10%) with dried M. oleifera leaves on growth and 

nutrient utilization in crossbred (Hampshire × Ghungroo) grower pigs and reported that the average body weight 

gain (g/day) was higher (P>0.05) in Moringa leaves supplemented groups though the average dry matter intake 

was not significantly affected.  Barman and Rai (2008) and Khan et al. (2014) reported reduced dry matter intake 

in pigs by decreasing the palatability of diet due to presence of tannin in moringa. The digestibility coefficients 

(%) of dry matter, organic matter, ether extract, crude fibre and nitrogen free extracts was increased (P>0.05) 

while the digestibility of crude protein was increased (P<0.05) in pigs fed with Moringa leaves supplemented 

ration (Barman et al., 2020). Mukumbo et al. (2014) reported that 5% Moringa leaf meal can be included in the 

finisher pig ration without any adverse effect on feed conversion ratio, carcass and meat quality, and it improves 

the storage life of pork.  

Effect of feeding Moringa leaf meal on performance of the aquatic animals: 

M. oleifera leaves work well as aquafeed in aquaculture.According to a number of researches (Ozovehe, 

2012; Sherif et al. 2014), moringa can greatly improve the growth indices and feed consumption of fish. These 

encouraging outcomes could be explained by the fact that moringa enhances growth indices since it is a good 

source of lipids, proteins, and crude fibers (Francis et al., 2001). According to Safrida et al. (2020), adding 

powdered moringa leaves (Moringa oleifera) to fish diet can boost growth rate and support health of Tambaqui 

(Colossoma macropomum). Mansour et al. (2018) assessed effect of feeding increased level M. oliefera leaf on 

immune system and growth of seabream. They observed that fish samples fed with 5 and 10% M. oliefera leaves 

had higher intestinal mucosal immunity genes and growth performance. However, the growth performance and 

feed utilization were reduced when the inclusion level of M. oliefera leaf was increased to up to 15%. Therefore, 

they recommended that M. oleifera leaf should be included at a 10% level in seabream diet. 

Strategies for future use of Moringa oleifera 

Despite the widespread use of M. oleifera leaves to feed a variety of animals, there are still several 

issues that must be resolved before large-scale feed production can begin. One of the main limiting variables is 

the existence of endogenous antinutrients in plant leaf meals. Therefore, large amounts of M. oleifera leaf 

inclusion in meals have a detrimental effect on the growth performance of animals. The primary antinutrients 

found in M. oleifera leaves are tannins, phytic acid, and saponin (Shi et al. 2018). The biological value and 

acceptance of M. oleifera leaf as a regular food source can be limited by antinutrients, which generally diminish 

palatability, protein digestibility, and mineral bioavailability. For this reason, the leaves need to be properly 

treated before being consumed in big quantities.The leaves of M. oleifera should not be supplied raw to animal, 

it should to be treated to reduce antinutrients (Shi et al. 2018). There are several methods for reducing 

antinutrients' detrimental effects and raising the nutritional value of tree foliage. Antinutrients can be reduced or 

eliminated by physical, chemical, or biological techniques; these techniques include soaking, cooking, 

fermenting, irradiating, and applying an enzyme treatment. The phytate concentration of M. oleifera leaves can 

be greatly decreased by the majority of physical techniques, including cooking and soaking (Vitti et al. 2005; 

Mbah et al. 2012; Chanchay and Poosaran, 2009). Minerals are among the dietary components that are lost 

during treatment, though. As a result, substituting this method for another or combining it with another one will 

help lower the amount of antinutrients in M. oleifera leaves. Fermentation is by far the most effective and 

nutritionally beneficial process method, which makes feed digestible, nutritious, and palatable.. Fermentation 

generally has a positive effect on the availability of iron and other minerals in leaves and can lower the levels of 

several antinutrients, especially phytates, lignin, and cellulose. Fermentation raises the amount of digestible 

protein in M. oleifera while reducing the phytate level by 66.9% (Thierry et al. 2013; Wang et al. 2018). 

Fermentation lowers the levels of trypsin, protease, and tannin in other plant foods (Ali et al. 2019; Diouf et al. 

2019). In comparison to soaking, fermentation is more efficient in reduction of antinutrients. Hence, the use of 

fermentation for the treatment of M. oleifera leaves would be advantageous from nutritional point. 
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Conclusion 

 The wonder tree Moringa oleifera have much potentiality to be used as alternative protein source in 

livestock. In order to get full utilization of the potential benefits of M. oleifera plant as a livestock feed, more 

researches in these contexts are required. As a conclusion, more attention need to be paid to the usage of M. 

oleifera as nutritional feed resources in livestock in a large scale in countries like India and other countries where 

the M. oleifera tree can be grown to produce more natural as environmental friendly materials. 
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