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Abstract: Roughages have vital importance in the diet of ruminants because they are cheap and absolutely necessary for digestive 

physiology. Ruminant nutrition requires quality feeds to obtain high amounts of product. As more than half of the business inputs are 

made up of feed expenses, the necessity of high-quality roughage sources, which are cheaper compared to concentrate, arises. The high 

quality of roughage means that the amount of mixed feed that can be put into the ruminant ration to meet the nutrient requirement is 

less. Thus, the cost of the product to be obtained will decrease and the net profit will increase. Since the leaves of some plants grown in 

the tropical region and the fruits and shells that cannot be used as human food are not utilized, they cause environmental pollution, 

and the feed cost cannot be reduced because the vegetable waste is not used in animal feeding. Many tropical plant leaves and waste 

are rich in protein and crude fiber. Crude protein levels in the leaves of some tropical plants can be up to 30%. The usability of tropical 

plant leaves and fruit peels, which are rich in nutrients, as roughage has not been adequately studied. These plants can be used as an 

alternative roughage source for ruminants in times of shortage of quality roughage and in times of famine, increasing animal 

production and preventing problems in the environment. The purpose of this review is to examine the possibilities of using leaves and 

fruits and wastes of some tropical plants (Guava, papaya, banana, mango, pineapple, cassava, moringa and avocado) as an alternative 

roughage source in ruminants. 
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1. Introduction 
One of the main factors limiting animal production in the 

world and especially in developing countries is the high 

cost of feed inputs. Roughages are bulky feeds rich in 

crude fiber (CF), with low digestibility, energy density 

and nutrient composition. One of the most important 

problems to be solved in the feeding of ruminants is to 

meet the quality, cheap and easy to obtain roughage 

requirement of the animals. Roughage is essential for 

meeting the life and productivity needs of animals 

economically and for rumen physiology (Saricicek, 2007). 

In case the needs of animals cannot be met with fodder 

crop (high quality roughages), it is tried to be met with 

low quality roughages such as hay, stalk, husk and cut. In 

this case, the energy, protein and mineral needs of 

ruminants that cannot be covered with these feeds are 

met with expensive concentrate feeds. High use of 

concentrated feed in animal nutrition increases the costs 

of animal products and causes some metabolic disorders 

(Gemalmaz et al., 2016). 

Some subtropical and tropical plants grown in tropical 

climates are grown in the Mediterranean region in 

Turkey. Recently, there has been increased interest in the 

use of tropical plants as feed for animal nutrition due to 

the richness of nutrient contents. The importance of 

tropical plants for animal production is that leaves, 

flowers, boughs, seeds, fruits and pods can be used by 

animals as concentrated feed or roughage. There are a 

variety of tropical legume plants that can be used as a 

protein source in the diet of ruminants. Tropical legumes 

are very important sources in terms of their seeds and 

the amino acid (AA) contents. However, it also has 

disadvantages such as being produced in small 

quantities, being used directly as human food and 

requiring expensive processing to be used in animal feed. 

Plants grown in the tropics have the potential to produce 

large amounts of leaves rich in nitrogen compounds on 

farms, and this potential can be an alternative roughage 

source to meet the roughage needs of ruminants. In some 

tropical regions (Benin, Niger etc.) where pastures are 

insufficient, the leaves of shrubs and trees that are rich in 

tannins and agricultural industry by-products (bark, 

pulp) are used as feed. Fadiyimu et al. (2010) state that 

the potential of using wastes such as tropical plants, 

leaves of trees and fruit pods as feed sources in animal 

feeding should be investigated in places where forage 

cultivation is insufficient. Tree branches and leaves can 

be an important part of the diet for ruminants such as 

goats, sheep and deer (Kamalak et al., 2005). Tree leaves, 

which are in the class of roughages, are materials that can 

be obtained from various trees grown in or around 

livestock enterprises. Especially sheep and goats fondly 
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consume tree leaves. However, very little is known about 

the nutritional and fodder value of these trees, shrubs 

and leaves, some of which have traditionally been used 

for many years. It will be very useful to reveal the 

nutritional values of branches and leaves, which have not 

been studied before. 

In this review, the potential of some tropical plant leaves 

and wastes to be used as roughage sources in ruminant 

feeding is discussed in order to reduce the cost of feed 

and to prevent environmental pollution in areas where 

tropical plants (Guava, papaya, banana, mango, 

pineapple, cassava, moringa and avocado) are grown, as 

there is a shortage of forage due to the lack of forage crop 

cultivation in many tropical countries. 

 

2. Guava (Psidium guajava L.) 
Guava (Psidium guajava L.) belongs to the genus Psidium 

of the Myrtaceae family. Guava (Psidium guajava L.), also 

known as the apple of the tropics, is native to tropical 

Central America that extends from Mexico to North and 

South America, but also grows in other tropical and 

subtropical regions around the World. This fruit tree is 

an evergreen shrub-type small tree, 3-10 m tall 

(Gonzalez-Gaona et al., 2010). Guava flowers are fragrant 

and a good source of nectar for bees. In addition, guava 

leaves are reported to be effective in medicine against 

digestive system, respiratory tract, mouth / tooth and 

skin infections, diabetes, cardiovascular / hypertension, 

cancer, gynecological diseases, pain, fever, liver and 

kidney problems (Daswani et al., 2017). Guava fruits are 

extremely delicious. It is stated that the fruits of guava 

trees grown on pastures in tropical regions are 

consumed by farm animals, and up to 11 kg of fresh 

guava can be given daily to cattle (Somarriba, 1985). 

Guava waste is made from shells, seeds and stone cells in 

various proportions. The seeds contain moderate levels 

of ether extract (14%) and protein (15%), rich in crude 

fiber (42%). Stone cells are rich in lignin (37%) and 

cellulose (54%) (El Boushy et al., 2000). Wastes are poor 

in protein (7-11%) and rich in crude fiber (ADF 48-70%), 

especially lignin (16-22%) in dry matter (DM). Cattle, 

sheep and goats traditionally consume guava leaves in 

Hawaii and South Africa. Guava leaves have weak to 

moderate protein (10-14% DM) and high fiber content 

(ADF 27-39% DM). In a study conducted in Thailand, it 

was determined that the DM and protein degradability in 

guava leaves are high (71%) and it is a high-value feed 

for cattle (Paengkoum et al., 2012). Al-Sagheer et al. 

(2018) stated that when 25% of guava leaves are used in 

the diet, there is no harmful effect on ruminal 

degradability of nutrients and may be an alternative 

contribution in reducing CH4 production. Hassan et al. 

(2016) state that dried guava wastes can be used 

effectively in the diet at a rate of 20% without adversely 

affecting the performance, digestibility, carcass 

characteristics or health parameters of Ossimi lambs. 

 

 

3. Papaya (Carica Papaya) 
Carica papaya L. (melon tree) belongs to the Caricaceae 

family. It is widely grown in Mexico and Central and 

South America, the Caribbean and Southeast Asia and 

Africa. The papaya tree is a perennial unbranched tree 

that grows up to 10 m, with large leaves and clusters of 

fruits. Papaya fruits are delicious, and leaf and fruit by-

products can also be used in animal nutrition. In tropical 

countries, papaya leaves and pods are fed to animals as 

fresh and dried by growers. Papaya leaf has high protein 

content (23.9%) and low fiber (10.5%) ratio (Jayanegara 

et al., 2013). It has been stated by Melesse et al. (2018) 

that papaya by-products are a good source of energy for 

ruminants as they are rich in carbohydrates, and leaves 

are a good source of protein. 

 

4. Mango (Manguifera indica) 
Mango (Mangifera indica L.) is a tree grown for its fruit 

from the Anacardiaceae family. Mangoes are grown in 

South Asia, East Asia, East Africa, Brazil, the West Indies 

and Mexico. Mango Tree, has begun to grow in coastal 

areas like Antalya, Mersin in Turkey (Gübbük et al. 2017). 

The mango tree can stay green throughout the year. 

Mango leaves are delicious for ruminants and are loved 

to be consumed. CP, ash, ether extract, neutral detergent 

fiber (NDF), acid detergent fiber (ADF) and acid 

detergent lignin (ADL) of mango leaves were found to be 

13.60, 12.61, 3.92, 35.32, 34.98, and 12.86%, respectively 

(Jhaumeer et al., 2018). Therefore, it can be used as fresh 

and dried for animal feeding. Kumar et al., (2011) 

determined that mango leaves have the potential to 

inhibit methane formation in the rumen. It has been 

concluded that when 6% of mango leaves are used in 

lamb ration, gas and methane emission is significantly 

reduced, so that it can be used in lambs’ rations at the 

rate of 6% without any harmful effects (Hassan et al., 

2020). 

 

5. Pineapple (Ananas comosus) 
Pineapple (Ananas comosus (L.)) is from the 

Bromeliaceae family. Pineapple fruit canned producers 

are mostly in Asian countries, including Thailand, the 

Philippines, Indonesia, and Malaysia. In Africa, Kenya, 

Benin and Nigeria are also important producers 

(Achigan-Dako et al., 2014). Pineapple fruit is very sweet, 

it is an excellent source of vitamins and minerals. It is a 

very rich fruit especially in terms of Mn, B1 and C 

vitamins. In addition to fruits, high-quality leaves are 

produced in large quantities that can be used as roughage 

for ruminants (Wakasa, 1989). Pineapple leaves are 

generally given to cattle by cutting. Pineapple leaves can 

also be used fresh, dried or silaged in ruminant diets. 

Pineapple leaves are low in crude protein content (4 to 

7% DM) but very rich in fiber (NDF 58-73% DM) (Heuzé 

and Tran, 2015). Pineapple leaves are suitable for dairy 

cows due to their high fiber content, but it must be 

chopped before use (Buliah et al., 2018). When pineapple 
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leaves were fed to beef cattle with fresh herbs or total 

mixed rations, it was determined that feed consumption 

and daily live weight increased, so the producer made 

more profit (Prachyalak et al., 2001). Since the silage of 

pineapple leaves is low in protein and very rich in fiber, it 

can easily be given to ruminants 15-20 kg per day (Göhl, 

1982). It has also been revealed that silage made from 

pineapple fruit residues will be an alternative to 

traditional green food, reducing the cost of feed, and also 

helping to prevent environmental pollution from 

pineapple fruit waste (Elias et al., 2017). 

 

6. Banana (Musa spp) 
Banana (Musaceae) is a family belonging to the order 

Zingiberales. It is grown in tropical and subtropical 

regions in Asia, Africa and Australia, the Philippines, the 

Pacific Islands, West Africa, the Caribbean and Central 

America. In Turkey it is mostly cultivated between 

Bozyazı and Anamur. Banana protein, cellulose and 

carbohydrates are especially high in sugar. 

Banana leaves have high moisture content (85%) and 

low protein content (10-17%). The body of the tree has a 

low protein content (2.8-7.6%) and a high-moisture 

content (92-95%). Banana peel is rich in starch, sugar, 

cellulose, minerals (K, P, Ca and Na) and some vitamins, 

except for its high moisture (73.8%) content (Bouafou et 

al., 2012). Since banana fruit has a high moisture and 

carbohydrate content it causes digestive disorders. 

Therefore, fresh banana should not be used less than 

70% in the ration and should not exceed 8% of live 

weight. 5 kg should be given to heifers for 100 kg body 

weight (Geoffroy, 1985). In the study conducted with 

rams, the dry matter digestibility of fresh green banana 

fruit and silage was determined as 66.4% and 68.2%, 

respectively. It is suggested that banana peel can be used 

in ruminant rations with a profit of 7.5% (Gourdine et al., 

2011). It is claimed that in ruminant rations where the 

digestibility of banana leaves is around 65%, it can be 

given to dairy cows at a rate of 15% per day, and that 

ruminants can meet 60 to 80% of their total needs from 

banana leaves, even at a very early age (Geoffroy, 1985). 

 

7. Cassava (Manihot esculenta) 
Cassava (Manihot esculenta) is from the Euphorbiaceae 

family. Cassava is native to South America and is widely 

grown in tropical and subtropical regions, including sub-

Saharan Africa and South East Asia. Cassava is grown for 

tubers that are used as a starch source. Cassava ruminal 

is a suitable feed for ruminants in terms of in vitro 

fermentation and organic matter digestibility. DM, CP, CF, 

EE and ash content of Cassava leaf are 93.0, 21.0, 25.0, 

0.55, 8.5% (in DM), respectively (Ravindran, 1993). It is 

suggested that cassava leaves can be a valuable feed for 

animals, but the leaves can be fed fresh, but dried or used 

as silage is more appropriate (Phengvilaysouk et al., 

2008). When 50% cassava leaves were used in dairy 

cattle rations, it had a positive effect on DM consumption, 

body weight gain, milk production and milk fat content 

and the by-pass protein effect was also found to be high 

(Wanapat, 2002). It has been determined that the body 

weight gain, food digestibility and carcass quality of West 

African Dwarf rams are increased when cassava leaves 

are used in feed at a rate of 20% (Odusanya et al., 2017). 

Harun et al. (2017) suggest that 50% of cassava leaves 

can be used to increase the nutritional value of feed in 

the diet of malnourished goats. Kavana et al. (2005) 

stated that cassava leaves are more suitable to be used as 

silage, and up to 35% cassava leaves can be used to 

provide by-pass protein to silage with urea and molasses. 

It has been determined that cassava silage increases 

rumen fermentation, feed consumption, milk yield and 

quality in dairy cows (Wanapat et al., 2018). Noviadi et al. 

(2017) found that cassava leaves silage increased 

nutrient digestibility in goats. 

 

8. Moringa (Moringa oleifera) 
Moringa (Moringa oleifera Lam.) is a tropical tree species 

plant from the Moringaceae family. Moringa is a plant 

grown in a wide area from the southern hills of the 

Himalayas to Africa, the Caribbean Islands and Central 

America, India, Ethiopia, the Philippines and Sudan. 

Moringa, which is used for human food, is also used as a 

medicinal plant, and has an area of use in animal 

nutrition (Falowo et al., 2018). 

Moringa is delicious and has a high nutritional value. 

Moringa leaves contain 412.0 g / kg crude fat, 211.2 g / 

kg carbohydrate, and 44.3 g / kg ash with 21.8% crude 

protein, 22.8% ADF and 30.8% NDF (in DM) (Sanchez et 

al. 2006). Moringa leaves are consumed by cattle, sheep 

and goats in Cuba and Venezuela. When Moringa leaves 

are given to growing goats alone or as an addition to the 

diet, it has been observed that daily feed consumption 

gives better results compared to leucaena (Leucaena 

leucocephala) or gliricidia (Asaolu et al., 2012). Moringa 

leaves have the highest crude protein digestibility (CPD), 

followed by branches and roots Moringa leaves have 

been found to increase daily body weight and 

digestibility of feed when added up to 50% to low quality 

feeds (Aregheore, 2002). According to Moyo et al. (2014), 

meat quality improves when moringa leaves are given to 

growing goats. According to Li et al. (2017), Moringa 

leaves have the highest crude protein digestibility (CPD), 

followed by branches and roots. The root CPD was higher 

than DM and OM. It is suggested that the leaves of 

moringa can be given alone, the branches should be 

mixed with feed with high nutrient content, and the roots 

should not be fed to cows. 

 

9. Avocado (Perseae Gratissimae) 
Avocado (Persea americana) is a tree belonging to the 

laurel family. Avocado is grown commercially in Central 

and South America, the West Indies, Polynesia, 

Philippines, Australia, New Zealand, Madagascar, 

Mauritius, Madeira, Canary Islands, Algeria, South Africa, 
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southern Spain and southern France, Sicily, Crete, Israel, 

Egypt and tropical Africa. The fruit of the avocado plant is 

also known as "American pear" because it resembles 

pear (Knight, 2002). 

As well as the benefits of the avocado fruit, the leaves of 

this fruit have many benefits and are used in animal 

nutrition. In addition, avocado leaves are rich in 

potassium and vitamin B6. Leaves are high in dry matter 

(94.67%), protein (25.54%), ether extract (4.01%), ash 

(19.38%) and crude fiber (38.40% in DM) (Arukwe et al., 

2012). Since avocado leaves and peel contain persin, 

fresh feeding of the leaves can cause poisoning and death, 

so the leaves should be dried or silaged (Yamassaki et al., 

2017). De Evan et al. (2020) reported that Avocado 

vegetable waste (husk-pulp), which is released in large 

amounts, can also be used as a source of roughage in 

ruminant feeding. It was concluded that when avocado 

wastes (pulp and shell mixture) are added to dairy goats' 

rations, it can improve the quality of milk fatty acid 

profile without negatively affecting milk yield (Velarde ve 

ark., 2020). 

 

10. Conclusion 
Although many tropical plant leaves and waste have high 

nutritional values and flavors, in some countries they are 

partially used as animal feed. Fruit peels, pulp and leaves 

of many tropical plants grown as human food that are not 

used as human food are generally not utilized and cause 

environmental pollution. These tropical plant wastes can 

be used as an alternative roughage source in ruminant 

feeding when there is a shortage of feed or when there is 

excess waste. The use of leaves and wastes with high 

nutritional value as a source of roughage in ruminant 

feeding will result in meeting the nutritional needs of 

animals cheaper. If these wastes are encouraged to be 

used as roughage in ruminant feeding, both animal 

production will increase, and feed costs of producers will 

be reduced. On the other hand, environmental pollution 

due to wastes will be prevented. 

In conclusion, under the light of the literature reports, it 

can be said that plant leaf and fruit wastes (Guava, 

papaya, banana, mango, pineapple, cassava, moringa and 

avocado) grown in tropical regions will be evaluated as a 

source of roughage in ruminant feeding and will 

contribute to the solution of quality roughage problem. 
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