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ABSTRACT
Objective: To analyze the available information on the use and nutritional characteristics of tropical agro-
industrial by-products with potential application in ruminant feeding. 
Design/Methodology/Approach: A literature review was conducted on agricultural by-products of 
tropical origin used in ruminant diets, identifying nine residues commonly produced in the tropical region of 
southeastern Mexico. 
Results: The review was performed using databases such as Google Scholar and Redalyc, with the search 
term “tropical agricultural residues with nutritional potential for ruminants.” The results were extensive and 
subsequently refined to include updated publications focused on agricultural by-products. 
Limitations/Implications: No limitations or specific implications were identified. 
Findings/Conclusions: Incorporating agro-industrial by-products and agricultural residues available in the 
region into ruminant diets offers a viable alternative for enhancing livestock production. This approach reduces 
dependence on conventional feed resources while minimizing animal feeding costs.

Keywords: By-products, livestock, agricultural waste, tropical, ruminants.

INTRODUCTION
	 According to the Servicio de Información Agroalimentaria y Pesquera (SIAP), 
national live cattle production in 2023 reached 4,002,013.02 t, with the main producing 
states being Veracruz (525,610.59 t), Jalisco (472,346.45 t), Chiapas (210,282.60 t), 
San Luis Potosí (231,832.14 t), and Sinaloa (197,460.16 t). In sheep farming, live sheep 
production was 132,328.71 t, with the highest contributions from Estado de México 
(18,139.97 t), Hidalgo (13,484.40 t), Veracruz (11,751.08 t), Jalisco (10,186.33 t), and 
Zacatecas (8,660.80 t) (SIAPa, 2023). In Mexico and other Latin American countries, 
livestock production is of great importance both as a source of economic income and 
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to meet the nutritional needs of the population (Martínez González et al., 2017). For 
fattening purposes, the use of concentrates under confinement systems is a viable option 
when pasture is of poor quality or during the dry season when forage production and 
nutritional value decline (Desdémona Martínez, 2023). However, feeding animals with 
concentrates is often not economically viable for producers, especially in Latin America 
(Ramírez de la Ribera et al., 2017). Therefore, the use of agricultural residues for ruminant 
feeding has proven to be an excellent alternative as feed ingredients (Guerra Italo, 2020). 
The use of agro-industrial and agricultural by-products from local production represents 
a cost-effective strategy, while also providing essential nutrients to meet the nutritional 
requirements of animals at different productive stages (García Ceballos, 2021). In tropical 
regions of Mexico, several crops are particularly relevant. According to SIAP (2023), 
their production included: oil palm (1,392,671.63 t), banana (2,642,338.39 t), mango 
(2,299,983.41 t), sugarcane (55,589,515.48 t), coffee (1,058,862.35 t), cacao (29,047.40 
t), maize (27,549,917.53 t), soybean (199,162.60 t), and sorghum (4,815,930.91 t), among 
others (SIAPb, 2023). These crops generate agro-industrial by-products and agricultural 
residues such as bagasse, seeds, pulp, husks, green material residues, and stubble, which, 
when properly managed, can be used as alternative ingredients in ruminant diets (Vargas 
Corredor & Pérez Pérez, 2018).

MATERIALS AND METHODS
	 The initial search was conducted using the criterion “tropical agricultural residues with 
nutritional potential for ruminants” in the Google Scholar and Redalyc databases, which 
yielded a large number of scientific articles and publications from various journals. The 
search was then refined to focus on the most relevant by-products produced in southeastern 
Mexico. Each by-product was described in terms of its nutritional composition, highlighting 
its production significance and use in ruminant feeding.

Agro-industrial by-products of tropical crops 
	 Banana
	 From banana bunch harvests, only 20-30% of the biomass is used, while 70-80% 
remains underutilized (Table 1), consisting mainly of the plant stem with its leaves, the 
floral bud, the rachis, and the peel, which represents 35-40% of the fruit (Rojas et al., 2019). 
Proximate chemical analysis of ripe, fresh banana peel reported the following composition: 

Table 1. Chemical composition of different parts of the banana plant.

Bromatological analysis Leaf Stem Spine
Crude protein (%) 7.62 4.38 4.52

Crude energy (Mcal/kg) 4.49 4.17 4.6

Ether extract (%) 5.01 3.96 3.92

Ash (%) 11.14 16.15 17.65

Neutral detergent fiber (%) 45.34 39.04 54.46

Total dry matter (%) 13.79 3.3 7.07

Source: Vera Rodríguez et al., 2021.
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crude protein (CP) 5.93%, ether extract (EE) 40.28%, crude fiber (CF) 6.92%, ash 11.57%, 
moisture 87.22%, nitrogen-free extract (NFE) 25.30%, and gross energy (GE) 14,371.74 
kJ/kg (Benítez Meza et al., 2020). From an energy standpoint, its nutritional value is 
noteworthy, given the high dry matter content, elevated concentration of non-fibrous 
carbohydrates, and its potential as a source of antioxidants and antimicrobial compounds, 
including anthocyanins and carotenoids (Cornejo-Cornejo et al., 2020). Banana peel 
contains a high concentration of reducing sugars, making it a valuable source of soluble 
carbohydrates for ruminant feeding, suitable for use either fresh or ensiled (Valverde Lucio 
et al., 2024). In another study, banana rachis was used for silage to assess its bromatological 
quality. The silage mixture included 95% rachis, 5% molasses, and lactic acid bacteria 
(commercially known as Silobacter) to enhance its nutritional profile. The results showed: 
CP 5%, EE 3.7%, ash 11.39%, CF 18.07%, and NFE 23.74%. The study concluded that 
banana rachis silage is viable for ruminant feeding, with lactic acid bacteria improving 
silage quality (Macay Anchundia et al., 2023). The nutritional characteristics of banana by-
products represent a valuable alternative for animal feeding, particularly for ruminants due 
to their ability to efficiently utilize fiber, while also providing protein and energy. Banana 
leaves, suckers, and rachis contain adequate levels of crude protein, gross energy, ether 
extract, ash, and dry matter, making them suitable primarily as forage in ruminant diets 
(Vera Rodríguez et al., 2021).

	 Sugarcane
	 Agricultural residues generated from sugarcane cultivationsuch as tops and green 
leaves along with by-products from processing, including bagasse, filter cake, molasses, 
and vinasse, represent valuable alternatives for animal feeding, particularly during 
drought periods when pasture availability is reduced. These residues become essential 
supplements in ruminant diets (Salazar Ortiz et al., 2017). Sugarcane stalks, tops, green 
leaves, and shoots contain on average: dry matter (DM) 19.3%, crude protein (CP) 4.3%, 
ash 7.4%, neutral detergent fiber (NDF) 61.2%, and acid detergent fiber (ADF) 38.3%. 
These characteristics highlight their potential as feed resources for animal nutrition 
(Hurtado et al., 2021). Bagasse, obtained after juice extraction, can be used as ruminant 
feed because it retains about 50% of the sugars and provides a significant fiber source 
(Lagos Burbano & Castro Rincón, 2019). Its composition includes: DM 89.90%  4.6; 
CP 3.81%  0.07; crude fiber (CF) 37.89%  3.6; NDF 75.6%  3.7; ADF 58.8%  4.9; 
ether extract (EE) 0.50%  0.1; ash 4.87%  0.07; cellulose 38.4%; hemicellulose 23.2%; 
and lignin 25%. The fiber fractions (CF, NDF, and ADF) provide a source of energy for 
ruminant diets, while the protein content, though modest, can contribute to improved 
milk and meat production when properly supplemented ( Jácome-Pilco et al., 2023).

	 African or oil palm
	 Three commercial products are obtained from the industrial processing of the oil 
palm fruit: crude palm oil, which results from the extraction of the fruit’s mesocarp; 
palm kernel oil, which results from the extraction of the fruit’s kernel; and palm kernel 
f lour, which is a residual byproduct obtained from extracting the oil from the endocarp 
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(Torres Mejía, 2023). Palm kernel f lour contains a high fiber content, its protein content 
is 14-15%, and its digestibility is between 50-60%. These characteristics make it viable for 
use in the production of feed for broiler chickens, ruminants, and pigs, coupled with its 
low economic cost and abundance in the region (Da Silva Rosa & Castillo Vargas, 2022). 
Among the main nutritional values ​​provided by palm kernel meal are: DM (92.23%), CP 
(10.55%), ME (3000 kcal), NDF (76.56%), EE (7.27%) (Escobar-España et al., 2022). In a 
study on lambs, the inclusion of palm kernel meal at 0, 15, 30, and 45% in the diet was 
evaluated. According to the results, using 20% ​​inclusion levels in the diet did not affect 
production yields or meat quality (Escobar España et al., 2023). Nutritional blocks were 
evaluated as feeding alternatives. The treatments were: T0 or control (Grazing with 
Brachiaria grass and mineral salts), T1, T2 and T3, supplemented with multinutritional 
blocks, which included ingredients such as molasses, urea, mineral salts, common 
salt, lime, cement and palm oil, varying in their content in coconut f lour at 30% and 
palm kernel f lour at 30% in treatments 2 and 3 respectively, based on the results it was 
concluded that the use of multinutritional blocks improves milk production, attributable 
to the higher consumption of energy and nitrogen, highlighting treatment 3 with 30% 
palm kernel f lour and showing significant differences compared to treatment 1 and 2 
which were similar (Villanueva Pedraza et al., 2023).

	 Mango
	 During mango fruit processing, waste generation ranges from approximately 32% to 
50%. Additionally, the loss of fresh fruit due to postharvest handling and marketing issues 
constitutes a significant source of environmental contamination, particularly from the 
peel, seed, and pulp residues (Pacheco Jiménez et al., 2022). In one study, mango waste 
samples (peel, pulp, and seed) were collected to perform a proximate chemical analysis. Five 
parameters were evaluated: Dry Matter (DM) (27.33%), Crude Protein (CP) (7.19%), Crude 
Fiber (CF) (12.70%), Ether Extract (EE) (3.11%), and Ash (1.99%). The study concluded 
that mango waste can be used as an alternative feed source for animals, provided either in 
the form of silage or combined with other ingredients such as vegetable or fruit residues, 
with additions of molasses and urea in proportions of 2% to 2.5% to enhance protein 
content and accelerate fermentation (Gómez Peña, 2019). In another experiment, mature 
discarded mangoes were used to produce silage combined with pangola grass hay in a ratio 
of 86% mango and 14% grass. Bromatological analysis of the silage revealed the following 
composition: CP (4.29%), Organic Matter (OM) (94.4%), Neutral Detergent Fiber (NDF) 
(64.74%), Acid Detergent Fiber (ADF) (36.14%), Hemicellulose (28.6%), and Ash (5.6%). 
The Metabolizable Energy (ME) was obtained through an in vitro fermentation process and 
yielded 1.86 Mcal kg1 DM. The study concluded that producing silage with 86% mature 
mango and 14% pangola hay could be considered a non-conventional feeding alternative 
for ruminants in tropical regions (Cañaveral Martínez et al., 2020). Nutritional Blocks 
(NBs) represent an alternative feeding strategy in goat production and can incorporate 
regional ingredients such as mango. In one study, NBs were formulated using mango pulp 
(MP) and sugarcane molasses at 0%, 10%, 20%, and 30%. The NB ingredients included 
urea, salt, mineral mix, cement, pangola hay, coconut meal, ground corn cob, sugarcane 
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molasses, and MP. Bromatological analysis of the NB with 30% mango pulp showed the 
following composition: DM (91.89%), CP (36.16%), NDF (16.58%), ADF (13.32%), and Ash 
(28.79%). Additionally, animals were provided with 1 kg of pangola hay. The experiment 
concluded that supplementation with nutritional blocks containing varying levels of mango 
pulp did not affect productive performance, and thus, their use is recommended for animal 
supplementation (Manuel Luviano et al., 2017).

	 Coffee
	 During the processing of coffee beans and consumption of the beverage, a substantial 
number of by-products is generated (peel, pulp, husk, and coffee pulp residue). The coffee 
fruit contains two beans covered by a thin husk and surrounded by pulp. During the 
roasting process, a silver-colored husk (the bean’s tegument) is produced. Once roasted 
and ground, the beans undergo heat or steam treatment to extract coffee essence, leaving 
behind a residue known as coffee pulp (Terán Rivera et al., 2023).
	 Coffee pulp represents a viable alternative feed for animals, enabling producers to 
reduce feeding costs (Fernández Navarro et al., 2024). Its nutritional value is comparable to 
high-quality tropical forages and can be provided to animals either dehydrated or ensiled, 
with ensiling being the most suitable preservation method (Table 2). In dairy-producing 
animals, coffee pulp can be included at levels of 20% to 40% in balanced diets or 10% to 
20% of the dry base ration without affecting productive performance (Flórez Delgado & 
Rosales Asensio, 2017). In dairy cattle, it can replace up to 20% of commercial concentrates 
without compromising yields (Encalada et al., 2018). In intensive beef cattle fattening 
systems, inclusion levels can reach 20% to 30% of the diet (Cárdenas Solano et al., 2024). 
It has been demonstrated that dietary antioxidants benefit semen quality. Coffee pulp 
contains antioxidants that may reduce oxidative damage during semen cryopreservation. 
Therefore, a study evaluated the antioxidant properties of coffee pulp in a diet for rams, with 
a 5% inclusion rate. Semen was collected regularly during the experiment for analysis. The 
study concluded that the inclusion of coffee pulp did not significantly affect the evaluated 
variables; however, further research with inclusion rates above 5% is recommended (Nieto 
Aquino et al., 2021).

Table 2. Nutrient results of ensiled coffee pulp at different fermentation times.

Nutrients (%) 0 (days) 90 (days) 120 (days) 240 (days) Means
DM 87.30 95.53 86.16 88.10 89.27

Ash 9.12 12.46 22.12 23.80 16.87

OM 90.88 87.53 77.91 76.93 83.31

EE 3.86 3.27 3.24 3.02 3.34

CP 3.87 25.18 30.52 25.82 21.35

CF 22.86 22.53 35.88 36.42 29.42

NFE 60.29 26.55 8.21 10.93 26.50

Tan 0.06 0.23 0.30 0.34 0.23

0, 90, 120, 240 d, days; DM, Dry Matter; MO, Organic Matter; EE, Ether Extract; CP, Crude Protein; CF, 
Crude Fiber; NFE, Nitrogen-Free Extract and Tan, Tanin. Fuente: Flórez Delgado & Rosales Asensio, 2017.
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	 In another study, the nutritional composition of coffee pulp silage was evaluated at 
different fermentation durations (30, 45, and 90 days), concluding that fermentation time 
does not significantly affect the nutritional parameters of the silage (Flórez Delgado, 2020).

	 Cocoa
	 In cocoa production, only the sedes which account for approximately 20-23% of the pod 
are utilized, primarily for chocolate manufacturing. The remaining biomass, including the 
pod husk composed of endocarp, mesocarp, and exocarp (67-76% of the fruit), along with 
mucilage, leachate, and hull, is discarded as waste (Vega González et al., 2024). A proximate 
chemical analysis and in vitro digestibility (based on dry matter) of various cocoa residues 
revealed the following composition for cocoa hulls: Dry Matter (DM) (91.1%), Crude Protein 
(CP) (23.6%), Total Digestible Nutrients (TDN) (66.35%), Net Energy (NE) (1.51 Mcal/
kg), Neutral Detergent Fiber (NDF) (28.7%), Crude Fiber (CF) (32.3%), Ether Extract (EE) 
(10.6%), and Ash (8.9%). The study concluded that cocoa hulls exhibit considerable protein 
potential and represent a viable alternative for cattle feeding in tropical regions (Godoy 
Padilla et al., 2020). The nutritional value of the “Arriba” variety cocoa husk, according 
to a proximate analysis on a dry matter basis, was as follows: DM (48.91%), CP (8.15%), 
Gross Energy (GE) (4.61 Mcal/kg), Acid Detergent Fiber (ADF) (32.22%), NDF (41.45%), 
Nitrogen-Free Extract (NFE) (49.94%), Fat (6.20%), and Ash (9.80%). García Villoslada 
et al. (2022) note that cocoa harvest by-products offer potential as ingredients in multi-
nutritional blocks due to their protein and fiber content, as well as their high palatability 
for livestock, without negatively impacting weight gain or milk production. In a separate 
study, a balanced feed was formulated by incorporating 0%, 20%, 30%, and 40% cocoa 
husk flour and nacedero leaf meal, aimed at potential use in beef cattle. Bromatological 
analysis of the concentrate showed that the 40% inclusion met the nutritional requirements 
established by the NRC, and the nutritional profile of cocoa husk supports its feasibility as 
an ingredient in animal feed (Molina Pinza et al., 2024).

Citrus By-products
	 Citrus production in Mexico is a vital agricultural activity for both domestic consumption 
and export markets. The principal crops include orange, lime, mandarin, and grapefruit 
(Valencia Sandoval & Duana Ávila, 2019). According to SIAP (2023), the leading citrus-
producing states are Veracruz, Michoacán, Tamaulipas, Puebla, San Luis Potosí, Nuevo 
León, Oaxaca, and Yucatán. Nationally, orange production reached 4,942,658.65 tons, 
lime 3,239,914.70 tons, mandarin 309,740.49 tons, and grapefruit 488,140.72 tons (SIAPc, 
2023). Fermenting citrus by-products through the addition or inoculation of fungal strains 
specifically Aspergillus niger presents a promising method for biodegrading these residues 
and converting them into feed for large livestock, particularly cattle (Marin Machuca et 
al., 2021). In one study, orange silage was included in dairy cattle feed, replacing 20% of 
commercial concentrate. The results indicated that orange silage not only enhanced milk 
composition but also reduced production costs (Flórez Delgado et al., 2020). In another 
research trial, a concentrate for fattening steers was developed by incorporating citrus by-
products across four treatments: T1 (control), T2 (with orange bagasse), T3 (with orange 
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peel), and T4 (based on orange silage). The findings demonstrated that the inclusion of 
citrus by-products improved weight gain, enhanced palatability, and promoted ruminal 
microflora activity by increasing the production of beneficial biochemical compounds, 
thereby enriching the substrate (Cabrera Núñez et al., 2020).

	 Pineapple
	 Pineapple cultivation generates a substantial volume of by-products, such as stubble, 
which are traditionally reincorporated into the soil as fertilizer. However, this practice 
may contribute to pest proliferation in agricultural zones. These residues, nonetheless, 
can be repurposed as forage for ruminants, either fresh or ensiled, thereby preserving 
their nutritional properties under optimal conditions. Additionally, the inclusion of 
complementary ingredients can enhance their physical and nutritional characteristics 
(Viveros Torres et al., 2022). In Mexico, the primary pineapple-producing state is Veracruz, 
contributing 66% of the national total, equivalent to 840,317.47 tons. Other key producers 
include Oaxaca, Nayarit, Tabasco, and Quintana Roo. These five states collectively 
account for 93% of national production, totaling 1,193,630.43 tons out of 1,272,559.15 
tons cultivated across 46,954.27 hectares (SIAPd, 2023). One study evaluated pineapple 
crown silage with varying inclusion levels (0%, 15%, 30%, and 45%) of musaceous fruits. 
Bromatological analysis was conducted on both the pineapple crown and the musaceous 
fruit. The pineapple crown showed the following composition: Crude Protein (CP) (12.09%), 
Neutral Detergent Fiber (NDF) (57.5%), Dry Matter (DM) (9.1%), Ash (8.79%), Ether 
Extract (EE) (2.86%), and Lignin (2.5%). The study concluded that pineapple crown is an 
acceptable feed resource for ruminants, whether fresh or ensiled; however, supplementing 
with starch-rich sources like musaceous fruits can enhance its nutritional value (Lazo Salas 
et al., 2018). In another investigation, six treatments were formulated using different by-
products: fish waste, corn stubble, molasses, and pineapple peel (PP) at inclusion levels of 
15%, 30%, and 45%, with various fermentation durations. Additionally, inoculants such as 
Lactobacillus sp. or Lactobacillus B2 were added at 4%. It was concluded that inclusion of 15% 
and 30% PP resulted in better acidification at 7 days of fermentation. By day 14, all silages 
were stable and showed high nutrient content. Therefore, silage production using these 
by-products represents a simple, cost-effective, and environmentally friendly alternative 
for ruminant nutrition (Ramírez Ramírez et al., 2020). A separate study evaluated intake, 
milk yield, and composition in lactating goats fed diets supplemented with fresh pineapple 
processing residues at inclusion levels of 0%, 10%, 20%, and 30%. It was concluded that 
using fresh pineapple by-products is a viable feeding strategy at 10% and 30% inclusion on 
a fresh matter basis (Alpízar Solís & Elizondo Salazar, 2019).

Crop residues
	 Agricultural residues commonly referred to as stubble, straw, hay, or forage play a 
crucial role in agricultural and livestock systems, particularly in ruminant nutrition. 
These by-products are primarily derived from cereal crops such as maize and sorghum, 
and to a lesser extent from legumes like soybean. The volume of crop residues is directly 
proportional to grain production (Macías Rodríguez et al., 2021). In 2023, maize 
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Table 3. Nutritional value of orange by-products.

Nutrients OB OP OS
CP (%) 10 10 16

EE (%) 3.2 4.96 9.22

Ash (%) 3.3 7.92 9.22

CF (%) 14.92 30.8 33.4

NFE (%) 64.51 67.18 77.58

GEp (Mcal) 22.6 26.87 27.89

TDN (Mcal) 60.39 63.78 64.56

OB: Orange Bagasse, OP: Orange Peel, OS: Orange Silage, CP: Crude Protein, 
EE: ether extract, CF: Crude Fiber, NFE, Nitrogen-Free Extract, ENP: Gross 
Energy Production and TDN: Total Nutrient Digestible. Fuente: Cabrera Núñez 
et al., 2020.

production in Mexico reached 27,549,917.53 tons across 6,941,031.12 hectares. The 
leading producing states include Sinaloa, Jalisco, Michoacán, the State of Mexico, and 
Guanajuato. Soybean production was 199,162.60 tons on an equivalent cultivated area, 
with Campeche, Yucatán, and Chiapas as the main producers. Sorghum production 
totaled 4,815,930.91 tons across 1,359,920.57 hectares, with Tamaulipas, Guanajuato, 
Michoacán, Sinaloa, and Nayarit as the top-producing states (SIAPe, 2023). Although 
crop residues are essential in ruminant feeding, their limited nutritional value has 
prompted research into strategies to enhance their composition and digestibility 
(Macías Rodríguez et al., 2021). One study assessed the mineral content of corn stubble 
silage supplemented with three non-protein nitrogen sources (urea, poultry litter, and 
fresh pig manure) and two carbohydrate sources (molasses and bakery by-products). 
After 30 days of fermentation, results showed that silage enriched with poultry litter 
and molasses provided both macro- and microminerals suitable for ruminant diets 
(Domínguez Vara et al., 2023). In another experiment, the productive response of dairy 
cows was evaluated when fed ad libitum corn stubble treated with 26 and 40 grams 
of urea in treatments one and two, respectively. Treatment three used untreated corn 
stubble supplemented with 760 grams of soybean meal. The results indicated that urea 
supplementation improved nutritional quality and reduced structural carbohydrate 
content. However, no statistically significant differences were observed among the 
treatments (García Martínez et al., 2020).

CONCLUSIONS
	 Formulating ruminant diets with the inclusion of agro-industrial by-products and 
regionally available agricultural residues represents a viable alternative to enhance 
livestock production, reduce dependence on conventional feed ingredients, and minimize 
feed costs. Additionally, the proper management of residual materials from agro-
industrial processes fosters more efficient waste handling and contributes to mitigating 
environmental impact.
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