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Sugarcane extracts have generated a growing interest due to their potential applications that extend beyond conventional sugar and ethanol production. These by-products, along with sugarcane extracts offer valuable nutrients and compounds that can be utilized in animal feed supplementation, aiming to improve immunity and growth performance, and the quality of animal-derived products consumed by humans. The immune-boosting properties of sugarcane supplementation have been documented through several studies highlighting enhanced cytotoxicity, increased phagocytic capacity, and modulation of immune cells and cytokine production. Abundant in polyphenols and bioactive compounds, sugarcane products are believed to contribute to these immunological effects. However, further research is required to unravel the specific mechanisms underlying these actions. Supplementing sugarcane by-products in animal feed has shown promising results of improved growth rates and weight gains in various animal species. Sugarcane supplementation positively influences animal performance by optimizing nutrient intake and utilization, enhancing feed conversion efficiency, and promoting healthy growth. Moreover, sugarcane supplementation has been associated with improved meat tenderness and overall quality in animal-derived products. To optimize the utilization of sugarcane products, future research will need to focus on determining optimal inclusion quantities and product or extract combinations, identifying specific compound classes, and balancing nutritional profiles in animal feed formulations. Additionally, studies should focus on evaluating long-term effects on animal health and subsequent product quality, and explore the environmental sustainability of sugarcane product supplementation in feed. This mini-review explores the impact of sugarcane product supplementation on swine, poultry, aquaculture species and ruminants, focusing on its effects on immunity, growth performance, and product quality.
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1 Introduction

Given the significant increase in the demand for food in recent years, sustainable animal production has progressively become important (Aland and Madec, 2009). Ensuring peak animal health, growth and performance is therefore of importance to maintain the global demand for animal-based products. In livestock industry, antibiotics are often added into animal feed to avoid infectious diseases and subsequently, increasing their production (Barton, 2000). However, there is a growing apprehension regarding the consequences of the continual usage of antibiotics in farm animals in relation to public health, with evidence demonstrating antibiotic resistance in associated food products originating from animals administered with antibiotics (Papatsiros et al., 2014; Marshall and Levy, 2011). This has the potential to result in significant health consequences for humans who consume animal products further down the food chain. To address this requirement, environmentally sustainable alternatives need to be explored, to not only protect the well-being of farm animals but also optimize their growth and performance. By doing so, the overall quality of products destined for human consumption can be enhanced.

For example, given the influence of the gut microbiota on immune responses and gut health, plant-based antibiotic alternatives are expected to do more than combat pathogens; these are expected to also foster the proliferation of beneficial microbes. This symbiotic relationship between the host animal and its microbial inhabitants emphasizes the importance of interventions that promote a balanced and resilient microbiome, thereby enhancing overall physiological well-being (Kim and Lillehoj, 2019). Furthermore, the systemic effects of plant-based antibiotic alternatives on livestock extend beyond their antimicrobial properties to encompass improvements in digestive processes. These alternatives play a pivotal role in stimulating the production of endogenous enzymes, thereby enhancing feed digestibility and nutrient absorption (Bagno et al., 2018). This highlights their value as integral components in promoting optimal health and performance in animal agriculture. Exploring sugarcane products as environmentally friendly alternatives to antibiotics in animal feed can hold promise for sustainable animal farming practices.

Sugarcane (Saccharum officinarum) serves as a significant economic contributor in the production of sugar and ethanol, as well as food processing and preservation industries (Prakash et al., 2021). There is also an increasing awareness in exploring the commercial potential of sugarcane by-products beyond their traditional use in sugar and ethanol production (de Paula et al., 2021). Sugar processing yields valuable major by-products such as molasses and bagasse, along with other economically beneficial products such as tops, ash, and press-mud (Solomon, 2011). In addition to its diverse applications, sugarcane plays a fundamental role as a primary source of roughage in animal feed supplementation, whether utilized in its entirety, through fermentation, or in the form of its by-products (Almazán et al., 1999; Carvalho et al., 2022).

In the pursuit of delivering animal-based foods of superior quality and high nutritional value, the field of animal nutrition focuses on optimizing the ingredients and refining the manufacturing processes involved in producing high-quality animal feed (Van der Poel et al., 2020). Additionally, the interest in a circular economy model is growing, where combined interdisciplinary approaches to completely utilize beneficial by-products, and minimize waste reduction are increasingly applied in agri-food systems (Hamam et al., 2021). Figure 1 illustrates the interconnectedness of livestock health, human consumption of animal derived products and the environmental sustainability impacts. In addressing the nutritional value of sugarcane products and by products, for example, sugarcane molasses is known to be rich in nutrients with proximate composition analysis showing molasses to be high in carbohydrates and sucrose (Khairul et al., 2022). Similarly, non-centrifugal cane sugar is also high in carbohydrates and sucrose, while also having a high mineral content (Jaffé, 2015). Despite the efforts to incorporate sugarcane products in animal feed, there is still scope for optimization in their effective utilization (Yanti et al., 2021). Particularly, sugarcane’s nutritional value can be limited when used as a standalone feed, due to its low protein content and the fibrous characteristics of its cell wall (Cabral et al., 2020). The benefits of including sugarcane products is therefore largely evident when supplemented with other highly digestible feed components in livestock diets (Cabello et al., 2008; Preston, 1983). Additionally, it is important to consider data beyond the macronutrient composition of sugarcane products and by-products in order to assess the impact of including them as animal feed components.




Figure 1 | The effects of sugarcane supplementation in animal feed on livestock health, impact of human consumption of animal products, and implications on environmental sustainability.



The effective management of farm animal diseases is a constant priority, and maximizing animals’ immunological defence capabilities can significantly enhance their overall health and welfare (Novák, 2014). The demand for raising farm animals without synthetic products and pharmaceuticals, especially antibiotics, has prompted feed producers to consider more naturally derived supplementation in feed (Burdick Sanchez et al., 2021). In addition to their role in protecting plants from pests, phytochemicals are considered to have positive effects on animal health and nutrition (Provenza and Villalba, 2010). This mini-review explores the impact of sugarcane product supplementation as by-products (bagasse, molasses) or as extracts in the diets of swine, poultry and aquaculture species raised for human consumption, particularly focusing on its effects on their immunity and growth, alongside examples from ruminant studies.




2 Impact on immunity

Given the important implication of oxidative stress in inflammation in farm animals, the inclusion of polyphenols as feed additives in animal nutrition holds great potential (Gessner et al., 2017).. The by-products of sugar production, for example, sugarcane juice and molasses, are sources of valuable phenolic compounds known for their potent antioxidant properties (Prakash et al., 2021). Consequently, there is an increasing awareness in exploring the potential benefits of these products from both animal and human health perspectives (Bucio-Noble et al., 2018; Deseo et al., 2020). Various types of Reactive Oxygen Species (ROS), including hydrogen peroxide, nitrogen dioxide, superoxide and hydroxyl radicals generated in the body, have the potential to cause damage to biomolecules such as DNA, RNA and proteins (Halliwell, 2013; Feig et al., 1994). Unregulated oxidative stress, particularly long term, is understood to be contributing to the progression of inflammatory diseases (Mittal et al., 2014; Oyinloye et al., 2015). Intestinal diseases in young pigs and chickens, including diarrhoea and enteritis, are associated with oxidative stress and inflammatory reactions, underlining the importance of addressing these factors in managing and preventing such diseases (Lauridsen, 2019). ROS serve as cellular response mediators that can trigger the production of cytokines from many types of cells (Vassilakopoulos et al., 2002). Cytokines, which are proteins generated by several types of immune cells, play vital roles in the immune response by coordinating both physiological as well as behavioural changes required for the immunological challenges faced by animals (Nordgreen et al., 2020). Inflammatory cytokines are rapidly induced in initial stages of disease or injury processes, without the reliance on specific antigens, highlighting their significance in the early phases of immune activation (Murtaugh et al., 1996). Phenolic compounds derived from sugarcane demonstrate that the efficacy in mitigating oxidative stress and inflammation. Bucio-Noble et al. demonstrated ethanol extracts obtained from whole dried sugarcane consisting of polyphenols such as flavonoids displayed potent antioxidant activity, with these bioactive compounds playing a significant role in modulating inflammatory mediator proteins (Bucio-Noble et al., 2018).

Upon examining the impact of a sugarcane juice extract into weanling pig feed on immune responses, a study by Lo et al. showed enhanced cytotoxicity by natural killer (NK) cells, accompanied by up to 58% increase in the phagocytic activity of monocytes (Lo et al., 2005). In another study, the effect of inclusion of the same extract in feed against pseudorabies infection in pigs revealed additional immunological effects. These effects included a 76% increase in lymphocyte proliferation, and up to 52% increase in interferon-gamma (IFN-γ) producing cells. Additionally, the supplementation of a sugarcane juice extract in the diet also resulted in milder clinical signs of pseudorabies infection in these weanling pigs, as well as reduced severity of non-suppurative encephalitis (Lo et al., 2006). Results from these two studies indicate the ability of sugarcane extracts in modulating both the innate immune response, as well as regulating the adaptive immune cells and cytokine production. Collectively, these studies can be used to suggest possibilities of utilizing sugarcane extracts in minimizing the use of antibiotics in farmed pigs. This is a valuable implication of sugarcane product supplementation to pig feed, as the use of antibiotics in livestock have been linked to high levels of antimicrobial resistant bacteria in animals, which has a subsequent detrimental effect on public health (Wegener, 2003; Chang et al., 2015). While sugarcane products hold the potential to serve as an antibiotic alternative, there needs to be a comprehensive comparison between sugarcane extracts and conventional antibiotics, evaluating their impact on pig health, growth, and overall well-being.

In a study carried out by Matsumoto et al. (2021), the authors evaluated the ability of a sugarcane extract to suppress Escherichia coli induced diarrhoea in weaning pigs of 21 days old, which showed 0% mortality in the pigs fed 1.0% (w/w) sugarcane extract supplemented to their basal diet. Sugarcane supplementation also improved both the incidence and duration of diarrhoea in these pigs, while reducing the relative abundance of Enterobacteriaceae in the jejunum and ileum (Matsumoto et al., 2021). The Enterobacteriaceae family comprises of pathogens that pose a significant threat to the livestock industry and can lead to foodborne outbreaks, thereby jeopardizing human health (Wang et al., 2021). While the authors attributed the presence of polyphenols in the sugarcane extract to the observed improvement in immunity, there was no comprehensive chemical profiling of the extract to identify or quantify the polyphenols present. Results of this study carry significant implications such as promising improvements in the wellbeing of pigs. This can potentially have positive downstream implication on meat safety, and human health, therefore, a more comprehensive exploration of the identity of polyphenols responsible for these beneficial effects is crucial to gain an improved understanding of the functional components within these extracts.

It is necessary to consider the supplementation dosage of sugarcane products in pig diets when assessing their potential benefits. In a study conducted by Wijesiriwardana et al. (2020), the authors revealed interesting findings of gilts and sows. Despite an 11% increase in the dietary polyphenol content due to the supplementation of a sugarcane extract that was fed from day 110 of gestation to lactation stages, there was no discernible impact on the inflammatory marker Interleukin-1β in pigs (Wijesiriwardana et al., 2020). It is worth noting that this study utilized a single dose of the extract and did not employ a dose-response design, which leaves room for consideration that the tested dose may not have been sufficient to trigger an immune response. Moreover, in this study, a single cytokine, Interleukin-1β, was employed to evaluate the inflammatory response. Interleukin-1β is a key pro-inflammatory cytokine associated with both acute and chronic inflammatory conditions (Ren and Torres, 2009). It is worth considering that the sugarcane extract may potentially modulate the inflammatory response through other pro-inflammatory cytokines. These results highlight the complexity of nutritional strategies in pig diets, the potential for precision feeding, and the multifaceted nature of immune and inflammatory responses in pigs, all warranting the prerequisite for further investigation.

In a study by Amer et al. (2004), the authors investigated the effects of a sugarcane juice extract supplemented at 500 mg/kg/day to the crop of immunosuppressed 3-weeks old chickens, which resulted in increased levels of total antibodies in response to Brucella abortus and sheep red blood cells. Additionally, it demonstrated an improved delayed-type hypersensitivity (DTH) response to Human γ Globulin (Amer et al., 2004). This suggests the enhanced ability of these chickens to fight specific pathogens and exerting cell mediated reactions, particularly with regards to the DTH response (Black, 1999). The authors’ omission of specific mechanisms underlying the observed protective effects of sugarcane extract against immunosuppression underlines the value of comprehensively chemically profiling the extract, such as using High Resolution Liquid Chromatography-Mass Spectrometry approaches, to gain insights into the compounds responsible for these immunological effects.

In a study by Awais and Akhtar (2012), the authors focused on the administration of an aqueous extract of sugarcane juice and an ethanoic extract of sugarcane bagasse at 4 mL/kg of body weight/day to 5-7 days old broiler chickens. The results showed an increased lymphoproliferative response against Concanavalin-A both in vivo and in vitro. The study also reported findings of increased Immunoglobulin (Ig) titers (i.e. IgG, IgM and total Ig) against sheep red blood cells, along with increased organ-body weight ratios of lymphoid organs, indicative of immune cell activation and proliferation in chickens (Awais and Akhtar, 2012). Specifically, the Ig responses propose an antigen binding and effector immune role as a result of bagasse administration (Lefranc and Lefranc, 2001). Awais et al. (2011) also investigated the anti-coccidial effects of the same two extracts at 4 mL/kg of body weight/day in 5-7 days old broiler chickens, where both extracts increased the resistance against coccidiosis. Notably, the protective effects were more prominent in the ethanolic bagasse extract, followed by the aqueous juice extract. Both extracts also improved the humoral antibody response, where the serum antibody titers were significantly increased when the extracts were supplemented (Awais et al., 2011). These studies encompassed two separate extracts from different sugarcane products, therefore, a comprehensive chemical analysis becomes imperative to determine and quantify the specific constituents within each extract and product, offering insights into how these components may be contributing to the observed immunological effects. The need for a comprehensive chemical analysis is particularly crucial in this case, considering that different extraction solvents have the ability to extract different components from the products, potentially influencing the observed immunological effects. Together, these studies offer the promising prospect of sugarcane product supplementation in enhancing the immune response in broiler chickens.

When sugarcane bagasse at 10 g/Kg was used in a study by Lumsangkul et al. (2021) as a dietary supplement for Nile Tilapia fish, it was able to demonstrate an increase in the expression of Interleukin (IL) cytokines, including IL-1 and IL-8. Additionally, lipopolysaccharide binding protein (LBP), glutathione enzymes and genes were also increased in response to bagasse supplementation (Lumsangkul et al., 2021). In addition to the indications of stimulating an inflammatory response as evident by the production of cytokines, increased LBP, and glutathione enzymes and genes suggest improved protection against infection, and oxidative stress, respectively (Hayes and McLellan, 1999; Lamping et al., 1998). These results suggest that supplementation with sugarcane bagasse may have immunomodulatory and antioxidant effects, contributing to improved overall health and resilience in Nile Tilapia fish.

In the investigation of livestock immunity, gut immunity also plays a dominant role in understanding its overall impact on animal health and well-being. The complex and diverse community of microorganisms residing in the animal intestinal organs, known as the gut microbiome, has been shown to have significant implications for immune function (Chen et al., 2021; Kraimi et al., 2019). An in vitro study by Loo et al. (2022) carried out on a pig faecal fermentation model revealed that a 1g mixture of sugarcane extract and sugarcane fibre altered the pig faecal microbiome, increasing the abundance of probiotic bacteria such as Lactobacillus, and decreasing the abundance of harmful bacteria such as Eschericia-Shigella. With the sugarcane extract having a total phenolic content of 18 mg (GAE)/mL and a total flavonoids content of 4.2 mg (CE)/mL, this study highlights the beneficial incorporation of sugarcane polyphenols and fibre in the positive alteration of pig gut physiology (Loo et al., 2022). Another in vitro study carried out by Loo et al. (2023) demonstrated a similar effect on the pig gut microbiome following the introduction of 0.5 g of sugarcane extract and sugarcane fibre with a total phenolic content of 57.6 mg GAE, where the mixture resulted in the abundance in Lactobacillus, while reducing the harmful bacteria of the genus Streptococcus. While this study also reinforces the positive effects of polyphenols on the pig gut microbiome, the incorporation of polyphenols and fibre mixture resulted in greater beneficial effects than sugarcane polyphenols or sugarcane fibre alone (Loo et al., 2023). Taken together, the results of these two in vitro studies show a potential way to maximise the beneficial effects of sugarcane polyphenols on the pig gut microbiome by the incorporation of other products. Further investigations are required to elucidate the specific polyphenols present in the sugarcane extract and to determine the precise fibre content. Understanding these components in greater detail is crucial for deciphering how they may contribute to positively modulating the pig gut microbiome.

The gut microbiome has a lesser reliance on feed intake, while the structure of the rumen microbiome exhibits a clear correlation with feed intake, highlighting its sensitivity to dietary patterns (Monteiro et al., 2022). In a study by Li et al. (2021), the authors examined the inclusion of sugarcane tops in goat diets. It was observed that the addition of sugarcane tops positively impacted the community structure and diversity of the goat rumen microbiota (Li et al., 2021). The incorporation of sugarcane tops led to increased alpha and beta diversity, metrics used to analyse microbiome diversity within and between samples, indicating its potential as a valuable feed additive for goats (Li et al., 2021; Kers and Saccenti, 2022). To further highlight the importance of these findings, it is essential to conduct chemical analyses aimed at delineating the exact composition of the sugarcane top extract. Akhtar et al. (2008) reported enhanced cell-mediated immunity involving neutrophils, macrophages, and NK cells, as well as improved antibody response to sheep red blood cells against Eimeria, following sugarcane juice supplementation in 12-day-old broiler chickens (Akhtar et al., 2008). In a study by Shakeri et al. (2020), the authors reported the anti-oxidant effects against heat stress with sugarcane extract supplementation for broiler chickens of one-day age measured by breast muscle lipid peroxidase (TBARS). The authors reported a linear reduction in breast muscle TBARS as the dose of sugarcane extract increased from 0-10 g/Kg (Shakeri et al., 2020). The TBARS assay is a widely employed method for assessing lipid oxidation and determining antioxidant activity in food analysis (Ghani et al., 2017). While both studies encompassed a dose-response design, once again, the absence of chemical profiling for both supplemented extracts emphasize a key research gap, impeding the capacity to identify the specific components accountable for the observed positive effects. Furthermore, immunological effects of a sugarcane juice extract were extensively studied on chickens, where it revealed improved humoral immune responses, improved lymphoid organ morphology and weight, protection against Eimeria tenella, and improved delayed-hypersensitivity responses (El-Abasy et al., 2003a; El-Abasy et al., 2004; El-Abasy et al., 2003b; El-Abasy et al., 2002).

It is also worth noting that antibiotics incorporated into animal feed can have an impact on the environment. Antibiotics employed in animal agriculture can navigate their way into the environment through various channels, from the drug manufacturing phase to the disposal of unused medications and containers. Additionally, their presence in animal waste materials used or applied in agricultural practices further contributes to environmental contamination (Chee-Sanford et al., 2012). Therefore, considering sugarcane products as an alternative to current antibiotics hold potential to be a more environmentally friendly approach in animal feed considerations.

Where sugarcane products have undergone chemical profiling to identify the specific types of polyphenols present, it unveiled the occurrence of flavonoids and phenolic acids in these products (Oliveira et al., 2022). Flavonoids such as quercetin, apigenin, and luteolin (sub-classes: flavonols and flavones), and phenolic acids such as vanillic acid, syringic acid, and ferulic acid (sub classes: hydroxybenzoic and hydroxycinnamic acids), are amongst the different polyphenols found in various sugarcane derivatives. Molina-Cortés et al. (2023)). reported a quantitative heatmap of polyphenols present in different sugarcane products, where flavones were the most enriched polyphenol type in sugarcane leaves, molasses and juice. Additionally, sugarcane rind and bagasse were abundant in anthocyanins and phytosterols, respectively (Molina-Cortés et al., 2023). The observed immunological effects of sugarcane products or extract supplementation may be attributed to the enrichment of polyphenols in these products. These polyphenols are known for their potential to enhance immunity. For example, in a study by Prakash et al., the researchers demonstrated the anti-inflammatory effects of a polyphenol-rich sugarcane extract on in vitro human and mouse cell lines in reducing the levels of a range of inflammatory cytokines including TNF-α, IL-4, IL-8 and IFN-γ cytokines, attributing their mechanisms of action to NF- κB and VEGF-1 regulatory pathways (Prakash et al., 2021). Furthermore, Rueda-Gensini et al. examined the anti-inflammatory effects of non-centrifugal cane sugar where they reported the immunomodulatory activities to function via the TLR-4 pathway in human monocytes (Rueda-Gensini et al., 2022). However, further research is warranted to gain a deeper understanding and a broader perspective of the exact targets in these pathways underlying these actions. Exploring the intricate mechanisms by which polyphenols influence immune response in pigs and chickens can provide valuable insights into their potential as immunomodulatory agents. It is important to unravel the specific molecular pathways and cellular interactions involved, in order to comprehensively understand the immunological benefits conferred by sugarcane supplementation. Such knowledge can inform the development of targeted strategies to optimize the immunomodulatory effects of sugarcane products in swine and poultry.




3 Impact on animal growth performance

The key factor in selecting suitable feed additives is the priority of animal health and well-being, as feed additives perform a variety of functions, including fulfilling essential nutrient requirements, optimising growth performance, and improving feed utilization (Wenk, 2003). To meet the increasing demand for high-quality feed ingredients while managing the associated costs, it is necessary to also explore alternative ingredients that offer animal feed the superior quality, while also being economically affordable (Saadaoui et al., 2021). Having access to abundant feed throughout the year is a critical aspect in defining the success in the farm animal industry, and particularly sugarcane, given that it is typically available during seasons where other feedstuffs are in limited supply (Akinbode et al., 2017). When utilising different types of sugarcane by-products including molasses, bagasse, straw and cane tops, either in isolation or in combination in livestock feed, various pre-treatment strategies are also available to maximise digestibility and enhance the dietary quality of the feed (Bordonal et al., 2018).

Several studies have assessed the growth performance of pigs, chicken and aquaculture species as a result of sugarcane product, by-product or extract supplementation in feed. Observed positive outcomes suggest that sugarcane supplementation in feed can contribute to enhanced growth rates and improved weight gain in these animals. In a study by Matsumoto et al. (2021), the authors demonstrated enhanced final body weight in 21-days old male pigs through sugarcane extract supplementation at 1.0% w/w and 0.1% w/w doses compared to a basal (control) diet, while Akhtar et al. (2008) similarly observed improved growth in 12-days old broiler chickens with sugarcane juice supplementation, with the maximum weight gain observable at 400 mg/kg body weight compared to the control condition (Matsumoto et al., 2021; Akhtar et al., 2008). Growth performance in seafood animals was also examined across various studies. For example, Shimul et al. (2018). found enhanced growth in tilapia fingerling with sugarcane extract supplementation at 120 mg/Kg feed compared to a 0% polyphenol (control) diet, Moriyama et al. (2021) observed dose-dependent weight gain in rainbow trout and coho salmon with sugarcane bagasse supplementation at 100 mg/Kg and 500 mg/Kg doses compared to a 0 mg/Kg (control) condition, whilst Penglase et al. (2022) reported a 54% amplified growth in post-larvae black tiger shrimp following sugarcane extract supplementation at 6 g/Kg diet dose, compared to a sugarcane extract-free (control) diet (SHIMUL et al., 2018; Moriyama et al., 2021; Penglase et al., 2022). The specific components of sugarcane, such as polyphenols and other nutrients, may play a role in promoting growth and development. For example, sugarcane leaves are high in its level of crude fibre, and are enriched in soluble carbohydrates (Mahala et al., 2013). Further exploration is necessary to discern whether these observed variations in growth performance are attributable to the palatability of the extracts, potentially influencing the feed intake of these animals.

Where growth investigations were carried out by supplementing sugarcane products, and either no observable effects or no detrimental effects were demonstrated on the animals, it could suggest the influence of various factors, including animal species, dosage, duration of supplementation, and other dietary components added to the feed on growth performance. It is important to consider these factors when formulating pig, chicken or fish diets with sugarcane products to optimise growth outcomes, alongside improving immunity. Moreover, these extracts vary in chemical composition, and therefore, chemically profiling them using chromatographical and spectroscopical means to identify the constituents will provide useful insights into their biological functions.

Regarding animal performance, a study by Pu et al. (2022). was carried out on male quail after supplementing their feed with an extract derived from sugarcane molasses, where the effects of reproductive endocrine activity was evaluated. The study reported a decrease in serum testosterone, and testicular and epidydimal weight, an inhibition of hydroxysteroid dehydrogenase and suppressed sexual behaviour, suggesting the ability of sugarcane molasses supplementation on impeding steroidogenesis (Pu et al., 2022). The authors concluded that this was useful in the poultry industry in managing livestock, as decreased testosterone leads to efficient feed to growth conversion, as well as contributing to improved quality of meat (Rikimaru et al., 2009). While this study focused on quail, a component of the poultry industry, further research across other sectors such as broilers is imperative. Extending the positive implications of this study to the entire poultry industry necessitates comprehensive exploration across various poultry branches. Research exploring the impact of sugarcane supplementation in farm animal feed frequently delves into both growth and performance, highlighting a possible correlation between the two aspects. Additionally, animal performance was assessed in tandem with immune health, suggesting an interconnected relationship between immunity and overall performance. In a recent dairy study conducted by Ahmed et al. (2023), Holstein x Friesian cows ranging from early, mid and late phases of lactation were supplemented with a sugarcane extract at a low dosage of 0.25% of the dry matter intake, which showcased an increase in milk yield, a reduction in methane emission, and an improvement in their mastitis condition. The results for each of these aspects following the treatment with the sugarcane extract were compared to that of pre-treatment results (Ahmed et al., 2023). It is important to comprehensively profile this sugarcane extract to identify the specific compounds, including polyphenols responsible for the observed positive outcomes. Moreover, additional research on ruminants and sugarcane supplementation is essential to establish conclusive evidence regarding the positive effects of sugarcane product supplementation on ruminant performance.

Furthermore, methane stands as the primary greenhouse gas emitted during the natural digestive processes of ruminants and it is crucial to highlight that the release of greenhouse gases by animals and its consequential influence on climate change represent significant global concerns (Broucek, 2014). Therefore, the authors’ finding relating to the methane reduction in response to sugarcane extract supplementation can have significant positive environmental impact.

The incorporation of sugarcane by-products into feed has been shown to improve the quality of chicken, as evidenced by a study by Shakeri et al., where sugarcane extract supplementation for one-day old broiler chickens improved the tenderness of meat compromised by heat stress (Shakeri et al., 2020). Texture is one of the predominant aspects relating to the quality of animal products, and it represents one of the critical sensory properties contributing to the assessment of final quality of poultry meat (Fletcher, 2002). Although the exact aetiology is unclear, several factors affect meat tenderness including temperature, length of sarcomeres and proteolysis as these factors evidently affect the conversion of muscle to meat process (Maltin et al., 2003). The authors utilised four doses of the sugarcane extract ranging from 2-10 mg/Kg and compared the effects to a sugarcane-free control diet. This study demonstrated the positive effects of the inclusion of sugarcane with respect to meat quality, as the authors reported an increase in muscle myofibrillar fragmentation index and decrease in shear force in a dose-dependent manner, both of which correlate with increased meat tenderness. Furthermore, it was also able to negate the consequences of heat stress on multiple aspects including pH, water content and muscle colour (Shakeri et al., 2020; Bencini and Purvis, 1990). Additionally, regarding the quality of milk from early, mid and late phases of lactation cows in response to sugarcane extract supplementation, the study by Ahemd et al. can be considered, where the authors reported a 53% reduction in the somatic cell count (Ahmed et al., 2023). Minimizing mastitis and ensuring the production of high-quality milk are essential for dairy farmers aiming to maintain competitiveness in the marketplace. Somatic cell count of milk has served as a longstanding tool in achieving this goal (Ruegg and Pantoja, 2013). Milk from infected cows typically exhibits an elevated raw milk somatic cell count, indicating potential mastitis issues (Ma et al., 2000). Hence, incorporating sugarcane extract at a dosage of 0.25% of the dry matter intake holds promise for enhancing dairy quality. The integration of sugarcane by-products into animal feed presents a promising avenue to enhance the quality of animal-derived products. These findings underline the potential for improved meat tenderness, milk yield, and overall product quality while aligning with modern consumer expectations for nutritious, safe, and affordable food choices, thus contributing to the sustainable advancement of the livestock industry. Therefore, it is crucial to investigate the quality attributes of animal-derived products when sugarcane supplementation is integrated into feed. Further research is essential to elucidate how the favourable outcomes of sugarcane supplementation can influence product quality.

Table 1 provides an overview of the recent studies conducted on different farm animals raised for human consumption, and the effects of immunity, growth and quality upon feed supplementation with sugarcane products, with a particular focus on swine and poultry.


Table 1 | Impact of sugarcane product supplementation on animal immunity, growth, performance, and quality of derived products.






4 Conclusions and future perspectives

The exploration of sugarcane products as viable supplements in the diets of swine, poultry and fish raised for human consumption presents a multifaceted strategy with potential benefits for immunity and growth. The increasing global demand for animal-based products necessitates a sustainable approach to production that prioritizes animal health while ensuring optimal growth and performance. This mini-review highlights the potential of sugarcane products as valuable additions to swine, poultry, aquaculture species and ruminant feed. These products contain bioactive compounds, including polyphenols, known for their antioxidant properties. The studies discussed here demonstrate the positive impact of sugarcane supplementation on various aspects of immunity, including modulation of inflammatory responses, enhanced immune cell activities, and improved resistance against infections.

Furthermore, sugarcane supplementation shows promise in promoting growth and performance in swine, poultry and fish. Several studies spanning different species, including pigs, chickens, tilapia fish, and quail, consistently reveal positive outcomes in terms of enhanced weight gain, improved growth rates, and increased reproductive efficiency. The observed benefits suggest the potential of sugarcane products to serve as alternative feed ingredients, contributing to the overall well-being of these animals.

The quality of animal-derived products, such as meat and milk, is a critical aspect of modern food production. The inclusion of sugarcane products in animal diets has demonstrated positive effects on meat tenderness and milk yield. These findings align with evolving consumer expectations for high-quality, nutritious, and sustainable food choices.

Despite the promising results, it is essential to acknowledge the existing gaps in research, such as the necessity for comprehensively applying analytical chemical profiling techniques to identify specific bioactive compounds responsible for observed effects in sugarcane products. Additionally, dose-response studies and investigations into the potential variations based on animal species, duration of supplementation, and other dietary components are necessary for optimizing the outcomes of sugarcane supplementation.
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Red meat | Pig Immunity Extract derived from Enhanced immune response (Lo et al., 2006; Lo
Growth sugarcane juice Reduced disease severity et al., 2005)
No significant growth improvement
Gut Sugarcane extract Improved gastrointestinal health (Matsumoto
Immunity et al., 2021)
Growth Microbiota modulation
Metabolic improvements
Improved growth
Immunity Patented sugarcane extract No significant effect on the inflammatory response (Wijesiriwardana
Growth No observed improvement in growth performance et al,, 2020)
Goat Gut Sugarcane top Different diversity and community structures of rumen microbiota  (Li et al., 2021)
Immunity No effect on growth performance and plasma
Growth biochemical parameters
Poultry Chicken Immunity Extract derived from Enhanced antibody production (Amer et al,, 2004)
Growth sugarcane juice Improved delayed-hypersensitivity responses
Improved body weight
Immunity Sugarcane juice, bagasse Enhanced immune response (Awais and
Growth Improved organ-body weight ratios Akhtar, 2012)
Improved body weight gain
Improved feeding efficiency
Immunity Sugarcane juice Increased antibody response, improved cell-mediated immune (Akhtar et al., 2008)
response
Growth Decreased mortality, decreased lesion scores, decreased oocysts in
faeces, mild haemorrhages
Increased body weight gain
Immunity Patented sugarcane extract (Shakeri et al., 2020)
Quality
Anti-oxidant effect
Improved meat tenderness
Mitigation of heat stress
Immunity Sugarcane juice, bagasse Anti-coccidial effect (Awais et al,, 2011)
Growth Enhanced humoral immune response
Improved body weight gain
Immunity Extract derived from Enhanced immune response, improved humoral immune response  (El-Abasy et al., 2002)
Growth sugarcane juice Improved body weight gain
Immunity Extract derived from Enhanced immune response (El-Abasy et al., 2004)
Growth sugarcane juice Improved body weight gain
Improved lymphoid organ morphology and weight
Immunity Extract derived from Enhanced immune response (El-Abasy, 2003a)
Growth sugarcane juice Improved body weight gain
Decreased mortality, decreased lesion scores, decreased oocysts in
faeces, mild haemorrhages
Immunity Extract derived from Enhanced immune response (El-Abasy, 2003b)
sugarcane juice Improved delayed-hypersensitivity responses
Quail Growth Extract derived from Suppressed sexual behaviour (Pu et al,, 2022)
sugarcane molasses Decreased testosterone levels
Altered reproductive organ characteristics
Inhibition of Hydroxysteroid Dehydrogenase
Seafood Tilapia Immunity Sugarcane bagasse Enhanced immune response (Lumsangkul
Growth Improved mucosal defence et al,, 2021)
Enhanced respiratory burst activity
Increased growth performance
Growth Patented sugarcane extract Improved growth performance (SHIMUL et al., 2018)
Performance Enhanced condition factor
Improved feed conversion ratio
Salmon | Growth Sugarcane bagasse Dose-dependent weight gain (Moriyama
Increased Insulin-like Growth Factor-1 mRNA levels etal, 2021)
Shrimp Growth Patented sugarcane extract Increased growth (Penglase et al., 2022)
Increased feed conversion ratio
Increased survival
Diary Cow Quality Patented sugarcane extract Increased milk yield (Ahmed et al,, 2023)
Performance Decreased Methane emission

Improved mastitis





