


Nutritional Value and Utilization of Conventional and Hydroponic Sorghum with Cowpea in Goats - A Critical Narrative Review

Abstract
Seasonal forage shortages constrain tropical goat production and encourage interest in sorghum, cowpea and hydroponic fodder. Their feeding value, however, depends on usable nutrient supply rather than fresh biomass alone. This critical narrative review evaluates conventional and hydroponic sorghum, cowpea supplementation, and their implications for intake, digestibility, nitrogen utilization, methane and smallholder adoption. Selected primary studies and supporting reviews were interpreted according to crop identity, animal species, comparator, experimental design and measurement method. Sorghum production studies demonstrate variation among cultivars and harvest stages, but do not establish a consistent productive advantage from sprouting. Evidence from other sprouted cereals supports further goat trials, although ration substitution confounds attribution to germination. Cowpea can supplement nitrogen-deficient cereal forage; responses vary with preservation, energy supply and inclusion level. A maintenance-goat study illustrates this trade-off: increasing cowpea silage replacement reduced intake and dry-matter digestibility, whereas an intermediate treatment improved nitrogen balance expressed relative to intake. Methane findings require particular caution because batch-incubation results, laser-derived estimates and directly measured daily flux are different endpoints. Cyanogenic potential, feed hygiene, dry-matter recovery, seed opportunity cost and upstream resource use also influence feasibility. The evidence supports nutritionally balanced, locally evaluated sorghum–cowpea diets rather than a universal mixture or assumed methane benefit. Research should connect replicated fodder production with digestible-nutrient intake, nitrogen partitioning, sustained animal performance and full production costs.
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Introduction
Seasonal variation in forage availability and quality constrains smallholder goat production in tropical environments. During the dry season, feeding strategies must supply adequate nutrients while remaining affordable and compatible with available farm resources. In Zambia, goat production decisions are also influenced by marketing opportunities and household objectives, making the practicality of a feeding intervention as important as its biological potential (Namonje-Kapembwa et al., 2022). Feed technologies should therefore be evaluated according to the usable nutrients they deliver, the animal production they support and the resources required to sustain them.
Local evidence demonstrates that the availability of natural pasture does not necessarily indicate adequate nutrient supply. Gondwe et al. (2023) evaluated selected naturally growing dry-season pastures in the Kafue floodplains of Southern Zambia and reported crude protein concentrations ranging from 3.32 to 8.46% and in vitro dry-matter digestibility ranging from 39.7 to 50.8%. These findings illustrate substantial differences in nutritional value among pasture species. Although the study did not evaluate sorghum or cowpea supplementation, it provides a local rationale for assessing complementary feeds where natural pastures fail to meet the requirements of particular classes of livestock.
Sorghum and cowpea offer potentially complementary approaches to improving seasonal feed supply. Sorghum provides cereal forage that can be fed fresh or conserved, whereas cowpea supplies forage and crop residues with a different protein and fibre profile. Cowpea also contributes to crop diversification and mixed farming, although competing food and feed uses require consideration (Kebede and Bekeko, 2020). Combining these resources may help address nutritional limitations in cereal-based diets, but the response depends on crop maturity, preservation, ingredient proportions and the nutrients already supplied by the basal ration.
Hydroponic fodder production provides another approach to supplying fresh feed within a short production cycle and a small growing area (Naik et al., 2015). However, sprouting converts existing seed reserves into a moist mixture of seedlings, roots and residual grain. An increase in fresh biomass consequently does not establish an increase in dry matter, recoverable nutrients or feeding value. Existing reviews identify potential applications alongside high moisture content, variable animal responses and unresolved economic and environmental questions (Pastorelli et al., 2024; Vastolo and Cutrignelli, 2025). Evaluating hydroponic sorghum therefore requires measurements of nutrient recovery and animal utilization, together with comparisons against realistic conventional feeding alternatives.
Cowpea supplementation could influence the relative feeding value of conventional and hydroponic sorghum by altering nitrogen supply, dietary dry-matter concentration and the balance between fermentable energy and protein. Nevertheless, evidence concerning individual ingredients cannot establish the performance of their mixtures. Similarly, improved digestibility or altered laboratory fermentation does not necessarily indicate greater daily nutrient supply, more efficient nitrogen utilization or lower methane emissions per unit of animal product. These outcomes require interpretation according to the feed, comparator, animal species and measurement method used.
This critical narrative review examines the nutritional value and utilization of conventional and hydroponic sorghum with cowpea in goat feeding. Its specific contribution is to integrate evidence on fodder production, nutrient recovery, intake, digestibility, nitrogen utilization and methane with considerations of safety, cost and smallholder feasibility. Direct evidence is distinguished from findings extrapolated from other cereals and ruminant species. The review also identifies research priorities needed to establish whether these feeding strategies can provide safe, dependable and economically useful nutrient supplies in Zambia and comparable tropical production systems.
Review scope and approach
This critical narrative review integrates selected literature on conventional and hydroponic sorghum, cowpea forage, sprouted cereal feeding, nitrogen utilization and methane. During revision, targeted web searches and checks of publisher-hosted articles, journal records and accessible institutional or bibliographic records were completed on 21st August, 2026. Searches used crop, animal and outcome terms, including sorghum, cowpea, hydroponic fodder, goats, digestibility, nitrogen balance and methane; exact article titles and DOIs were used to verify selected sources. Citation lists in relevant papers were also examined. Representative search combinations included “hydroponic sorghum” with “goats” or “digestibility”, “cowpea” with “goats” and “methane”, and exact titles or DOIs for study verification. Searches accessed publisher platforms including Wiley Online Library, Frontiers, the Journal of King Saud University – Science, the Online Journal of Animal and Feed Research and the Indian Journal of Animal Sciences, together with PubMed/PMC and institutional records. No fixed earliest publication year was imposed. The search was targeted rather than an exhaustive search of subscription databases.
Primary studies were retained when they informed at least one link between feed production, chemical composition, animal utilization or environmental interpretation. Reviews supplied context and helped locate related experiments. Evidence was organized as sorghum-specific production or degradation evidence, goat feeding evidence, and supporting evidence from other cereals or ruminant species. Feed identity, comparator, inclusion basis, design, duration and outcome method guided interpretation. Where accessible records did not resolve a detail, the review avoids supplying an inferred value. English-language information accessible during revision was used; publications in other languages were not systematically assessed.
No protocol registration, independent duplicate screening, formal risk-of-bias scoring or quantitative pooling was undertaken. The selection cannot establish exhaustive coverage or absence of publication bias. Study limitations are assessed narratively, with attention to small samples, diet substitution, physiological state and measurement validity. Table 1 maps selected evidence; its rows do not represent equivalent treatments or a pooled comparison. This approach supports a decision framework rather than a universal effect estimate.
The table distinguishes production, feeding and laboratory evidence. Numerical values retain the original study context and should not be compared as treatment effects across rows. Details not established from the accessible source are identified explicitly.
Table 1. Selected primary evidence and its relevance to sorghum–cowpea feeding in goats
	Study
	Design and comparison
	Principal evidence
	Interpretation limit

	Chrisdiana (2018)
	Sorghum varieties and harvest times; production study
	Cultivar and harvest age affected fodder output and quality.
	No goat feeding comparison or productive endpoint.

	Chana et al. (2023)
	Four sorghum varieties; day-8 harvest; in situ work in three rams
	Composition and ruminal disappearance varied among varieties.
	Bag disappearance cannot establish goat intake or growth.

	Arif et al. (2023)
	24 male Beetal kids; six rations; four animals/ration; 90 days including 15 days adaptation; 100 g/day creep feed per animal.
	Combined maize–barley sprouts: DMI 461 versus 358 g/day and DM digestibility 68.5 versus 55.0% in the control (P < 0.05).
	Percentages lack an explicit weight basis; substitution and no unsprouted comparator limit germination inference.

	Amare and Girmay (2020)
	24 male goats; randomized complete blocks; 90 days; pasture hay alone or concentrate/cowpea supplements.
	Daily gain −15.00 g/day on hay alone, 47.22 with concentrate and 53.89 with cowpea-only supplement; supplemented groups did not differ significantly.
	Cowpea-only supplement gave the most favourable reported return; costs are setting-specific.

	Tripathi et al. (2024)
	Fresh cowpea, mung bean or cluster bean in Barbari goats; balance trial after 25 days
	DMI and DM digestibility were similar; cowpea improved selected nutrient digestibilities.
	Abstract animal counts conflict; no sorghum mixture tested.

	Sossou et al. (2025)
	Six goats; replicated 3 × 3 Latin squares; 0, 50 or 75% replacement of commercial-feed component
	DMI 747.7, 723.6 and 650.8 g/day; DM digestibility 53.1, 48.3 and 46.8%; intermediate treatment had greatest percentage N balance.
	Maintenance animals; percentages refer to the replaced component; absolute retention contrast was nonsignificant.

	Min et al. (2024)
	Growing Hu ewes; wheat sprouts tested at 5–20% substitution.
	The highest final weight was reported at the tested 15% level.
	A best tested treatment is not a universal optimum; cereal and species differ.

	Mpanza et al. (2022)
	Barley sprouts in Meat-Master lambs; laser methane detection
	Links a sprout-feeding comparison with methane-related observations.
	Laser concentration is not independently measured daily gas flux.

	Washaya et al. (2018)
	18 goats; three diets; six animals per diet; 60 days; laser detector
	Diet-related methane responses were reported for legume-containing diets.
	Daily estimates used assumptions or intake equations; no hydroponic sorghum treatment.

	Li et al. (2024)
	Hydroponic feeds and dietary substitutions tested in vitro
	Methane responses differed by crop and substitution.
	Batch findings do not demonstrate whole-animal or farm mitigation.


DM, dry matter; DMI, dry-matter intake; N, nitrogen. Values are study-specific; comparisons across rows are not pooled effects.
Conventional sorghum as a reference feeding strategy
Sorghum is often described as drought-adapted, but adaptation should not be confused with freedom from yield or nutritional penalties. Fardin et al. (2023) found that drought stress adversely affected agronomic traits and nutritional value. Selection should therefore consider usable fodder output under the expected water regime, rather than survival alone. The ability of a crop to remain alive during drought is not a measure of the nutrients available to livestock.
Genotype also changes the comparison. Oliveira et al. (2024) evaluated 24 forage sorghum genotypes for silage production and reported substantial variation in production and composition. Plant dry matter (DM) ranged from 271.8 to 330.0 g/kg fresh matter, while mean silage crude protein (CP) was 61.0 g/kg DM. These values illustrate the need to specify crop condition and material sampled; they should not be combined with sprout data as if both represented the same developmental stage. A locally tested cultivar and an appropriate conservation method are therefore important components of the conventional reference.
Conventional sorghum must be defined by plant fraction, maturity and conservation method. Whole-crop green forage, hay, silage and postharvest stover are distinct feeds. Treating them as a single comparator obscures whether a response reflects production method, maturity, grain content or processing. The nutritional challenge also differs: a mature residue may primarily need nitrogen supplementation, while a forage containing grain may require evaluation of starch supply and rumen-effective fibre.
Fibre utilization depends on cell-wall accessibility, microbial activity and the rumen environment. Cellulose and hemicellulose provide fermentable substrates, but their utilization cannot be predicted from fibre concentration alone (Weimer, 2022). Thus, a low neutral detergent fibre concentration is not sufficient evidence of a superior complete diet. The amount of digestible fibre consumed and the physical characteristics of the ration remain relevant.
A fair evaluation should include a well-managed conventional option. Comparing seedlings only with very mature, poorly conserved stover can establish the value of replacing an inferior ingredient, but does not establish that sprouting is the best use of sorghum grain. Where feasible, the same grain fed in a suitable unsprouted form should also be evaluated. This comparator separates the effect of germination from the effect of introducing grain-derived nutrients.
The reference system should include conservation losses and seasonal availability. An intervention that produces less nutritious feed per kilogram harvested could still be valuable if it supplies feed during a critical shortage. Conversely, an apparently superior fresh fodder may add little where sufficient conserved sorghum and legume hay are already available. These are questions for comparative feeding and farm-budget assessment rather than assumptions about technological superiority.
Hydroponic sorghum composition, recovery and nutrient delivery
What sorghum-specific studies establish
Chrisdiana (2018) compared sorghum varieties and harvest times, demonstrating that these choices affect hydroponic fodder production and quality. Such work establishes the importance of production conditions but does not directly establish intake, growth or nitrogen retention in goats. A production optimum based on harvested biomass is therefore a different endpoint from a feeding optimum.
Chana et al. (2023) examined four sorghum varieties harvested on day 8 and assessed ruminal disappearance using three cannulated rams. The work supports cultivar-specific evaluation of hydroponic sorghum. It does not establish voluntary intake, whole-tract digestibility or growth in goats. A variety selected for rapid bag disappearance may still differ in harvested dry-matter yield, safety or cost, so degradation results should be interpreted with production measurements rather than used alone to recommend a feeding system.
Fresh biomass is not dry-matter production
The commercial appeal of sprouting frequently rests on a several-fold increase in fresh biomass. Much of that increase represents water uptake, while seed reserves are consumed during germination (Naik et al., 2015). Reporting the fresh output without seed dry matter and harvested dry matter prevents a meaningful estimate of conversion efficiency.
The following relationships provide a transparent accounting framework:
Dry-matter recovery (%) = 100 × harvested fodder DM / seed DM supplied.
Crude-protein recovery (%) = 100 × harvested fodder CP mass / seed CP mass supplied.
Potential digestible-DM output = harvested fodder DM × measured DM digestibility coefficient.
Inputs and outputs must use consistent mass units. Crude protein (CP) recovery is nitrogen recovery expressed using the analytical conversion factor; it does not quantify true protein synthesis, amino-acid availability or microbial protein supply. Nutrient-solution nitrogen must be recorded separately. Potential digestible-DM output should identify whether its coefficient comes from an in vitro assay or an animal trial. Usable consumed output additionally depends on rejected batches and refusals. These losses should be reported separately from biological production losses.
For illustration, 1 kg of seed containing 0.90 kg DM could yield 6 kg of fresh fodder at 12% DM, equivalent to 0.72 kg harvested DM and 80% DM recovery. If seed CP were 10% of DM and fodder CP 12.5%, both materials would contain 90 g CP. The higher CP percentage would represent unchanged protein mass within a smaller DM pool. These values are an explanatory calculation, not experimental observations or expected sorghum yields.
The comparator determines the nutritional conclusion
Sprouts may contain less fibre than mature cereal forage while containing more fibre than the original grain. Both comparisons can be correct. Statements that germination universally lowers fibre or raises energy value are therefore insufficient without specifying the reference material. Similarly, a higher CP concentration need not demonstrate improved protein quality, amino-acid absorption or microbial protein synthesis.
Hydroponic feeding should be evaluated through nutrient intake rather than digestibility percentage alone. Digestible-DM intake is the product of dry-matter intake (DMI) and apparent digestibility. An illustrative diet supplying 0.40 kg DMI at 80% digestibility provides 0.32 kg digestible DM, whereas 0.60 kg DMI at 65% supplies 0.39 kg. The first diet has the higher coefficient but the lower daily digestible-DM supply. Whether moisture actually constrains intake must be measured in each ration; it should not be presumed from water content alone.
Cowpea as a complement to sorghum
Feed identity and preservation
Cowpea grain, leaves, whole-crop forage, haulms and silage differ in their nutritional role. Grain composition should not be used to characterize forage, and values for leafy hay should not be assigned to weathered residues. Hawu et al. (2022) found differences in composition, degradability and preference among legume residues, including cowpea varieties, illustrating why both cultivar and plant fraction matter.
Amare and Girmay (2020) used 24 male Abergelle goats in a randomized complete block experiment over 90 days. Natural pasture hay was offered alone or with supplements containing different proportions of concentrate and cowpea hay. Daily gain was −15.00 g/day with hay alone, 47.22 g/day with concentrate supplementation and 53.89 g/day when cowpea hay provided the entire supplement. Supplemented groups exceeded the control (reported P < 0.001), but did not differ significantly from one another. Cowpea supplementation also gave the most favourable reported economic return under local prices. These findings support cowpea as a substitute for purchased supplements in that setting, rather than establishing superiority over concentrate across production systems.
Fresh and conserved cowpea also influence the moisture of sorghum mixtures differently. Dry cowpea hay may increase the DM concentration of a wet sprout ration, whereas fresh cowpea or silage may not. Preservation should therefore be part of the treatment definition. Leaf loss, spoilage and refusal should be included when calculating the cost of the cowpea actually consumed.
Evidence for nutrient utilization
Tripathi et al. (2024) compared fresh cowpea, mung bean and cluster bean fodders in adult Barbari goats, with a nutrient-balance assessment after 25 days of feeding. Dry-matter intake and dry-matter digestibility did not differ significantly, whereas cowpea had higher digestibility of organic matter, CP and selected fibre fractions. Thus, improved digestion of a particular nutrient did not imply an overall intake advantage. Inconsistent animal counts in the published abstract limit interpretation of the reported sample allocation. The experiment compares legumes rather than testing cowpea supplementation of sorghum.
Sossou et al. (2025) used six Japanese Saanen × Shiba goats in replicated 3 × 3 Latin squares. Cowpea silage replaced 0, 50 or 75% of the commercial-feed component, with Guinea grass silage also supplied. These percentages do not describe cowpea inclusion in the entire consumed ration. Across treatments, dry-matter intake was 747.7, 723.6 and 650.8 g/day, and apparent dry-matter digestibility was 53.1, 48.3 and 46.8%. The linear contrasts were significant (P < 0.001 and P = 0.024, respectively). Nitrogen balance expressed as a percentage was 42.3, 49.4 and 43.8% (quadratic P = 0.042), while absolute nitrogen retention did not show a significant quadratic response (P = 0.115). An intermediate replacement therefore improved one nitrogen-use endpoint without demonstrating that greater cowpea inclusion improved all nutritional outcomes. Maintenance feeding cannot establish adequacy for growth or lactation.
Nutritional complementarity is a hypothesis to test
Cowpea may improve a nitrogen-deficient sorghum diet, but the response depends on whether energy supply and intake permit additional nitrogen to be used productively. Higher nitrogen intake alone does not establish better utilization. Mixture evaluation should measure retained nitrogen alongside urinary and faecal losses, and assess both absolute retention and retention relative to intake.
Mixture composition can be predicted from the DM contribution of each ingredient. If cowpea constitutes a fraction x of dietary DM, expected mixture CP is x × cowpea CP + (1 − x) × sorghum CP. This mass-weighted expectation is the appropriate reference for chemical composition. A claim of nutritional synergy requires evidence beyond simple enrichment, such as improved utilization relative to a defined additive expectation or a demonstrable interaction between treatments.
Intercropping and ration mixing provide different benefits
Intercropping concerns feed production, whereas ration mixing concerns the proportions consumed. Abroulaye et al. (2023) combined a research-station experiment with on-farm trials in Burkina Faso. Reported sorghum straw CP concentrations were 4.1–5.4%, compared with 16.9–20.3% for haulms of the cowpea cultivar KVx745-11P. These study-specific values illustrate potential nitrogen complementarity rather than a standard composition for either crop. Intercropping improved land-use efficiency, but the agronomic experiment did not establish intake, nitrogen retention or methane responses in goats.
The distinction between nutrient concentration and nutrient yield applies here as well. Liu et al. (2023), in a meta-analysis of 61 publications, found increased DM and nutrient-component yields under cereal–legume intercropping without an overall change in the corresponding mixture concentrations relative to the analytical expectation. Greater protein output per hectare can therefore occur without greater CP percentage. The implication for goat systems is to evaluate protein and digestible-nutrient yield per unit land alongside the composition of the ration actually fed.
Intercropping may also alter the available ratio of cereal to legume. A field mixture harvested together need not provide the nutritionally desirable ratio for every class of goat. Separate conservation and subsequent mixing may offer more flexibility, but require labour and storage. The production strategy and the feeding strategy should consequently be optimized together rather than assuming that the best crop arrangement defines the best dietary inclusion.
Intake, fermentation and nitrogen utilization
Evidence from other sprouted cereals
Arif et al. (2023) evaluated six rations in 24 male Beetal kids, with four animals per treatment, over 90 days including 15 days of adaptation. Hydroponic maize, barley or both partly replaced a lucerne-hay and wheat-straw basal ration; each animal also received 100 g/day of creep feed. The combined-sprout group consumed 461 g DM/day compared with 358 g/day in the control, and apparent DM digestibility was 68.5 versus 55.0% (reported P < 0.05). The study therefore demonstrates improved utilization by the tested rations. However, the methods do not explicitly establish whether ingredient percentages are expressed on a fresh-weight or DM basis, so those percentages are not used here as feeding recommendations. Small groups, ingredient substitution and the absence of an unsprouted-grain comparator limit attribution of the responses specifically to germination.
Min et al. (2024) tested hydroponic wheat-sprout inclusion at 5–20% in growing Hu ewes. The highest reported final weight occurred at the tested 15% substitution level. This indicates a treatment-dependent response and supports evaluating graded inclusion, but does not establish a biological optimum beyond the tested levels. Differences in cereal, basal ration and physiological state limit its transfer to sorghum–cowpea feeding in goats.
Mechanisms require corresponding measurements
Direct goat research supports attention to the balance of degradable protein and fermentable carbohydrate. Permana et al. (2025) evaluated these factors, together with sulfur, in tropical dairy-goat rations. This provides a relevant biological basis for examining nutrient balance, although their ingredients and production setting differ from sorghum–cowpea feeding. The practical inference is to test whether cowpea corrects a limiting nutrient supply, rather than to increase protein concentration without considering the rest of the ration.
Improved fermentation is often attributed to greater substrate accessibility or a better balance between nitrogen and energy. These explanations are plausible, but a measured increase in apparent CP digestibility does not demonstrate increased microbial protein flow. Likewise, a change in the relative abundance of a microbial taxon does not quantify its metabolic contribution. Claims about mechanism should be tied to fermentation kinetics, nitrogen partitioning or validated indicators of microbial protein supply.
Diet physical form also warrants attention. Hydroponic mats may alter selection, chewing and the distribution of nutrient consumption across meals. The consumed diet can differ from the offered mixture when goats select leaves, grain remnants or other fractions. Representative refusal analysis is therefore necessary to interpret treatment differences in nutrient intake. Table 2 identifies the measurements needed to distinguish these explanations.
Table 2. Information needed to evaluate nutritional and environmental claims
	Evaluation domain
	Essential measurement
	Interpretation enabled

	Feed production
	Seed DM; harvested usable DM; discarded output; batch replication
	Distinguishes fresh yield from nutrient recovery

	Feed identity
	Cultivar, age, plant fractions, conservation and nutrient basis
	Establishes which feeds were actually compared

	Nutrient supply
	Representative offered-feed and refusal analyses; DMI
	Quantifies consumed nutrients rather than offered nutrients

	Digestibility
	Nutrient intake and faecal output on a common basis
	Calculates apparent utilization and digestible intake

	Nitrogen use
	N intake, faecal N, urinary N and milk N where applicable
	Separates increased intake from improved apparent retention

	Rumen response
	Sampling time, pH, ammonia, VFA and relevant kinetic measures
	Tests proposed fermentation explanations

	Methane
	Method, daily output, DMI and production denominator
	Distinguishes emissions, yield and intensity

	Safety
	Cyanogenic potential, water quality, contamination and rejected batches
	Establishes suitability of the material actually fed

	Economics
	Full input costs and animal output
	Tests affordability per unit usable nutrient or gain


Proposed reporting framework developed from the critical synthesis. DM, dry matter; DMI, dry-matter intake; N, nitrogen; VFA, volatile fatty acids.
Nitrogen balance needs a complete accounting
For a non-lactating goat, apparent retained N is calculated as N intake minus faecal and urinary N. For a lactating animal, milk N must also be included among measured outputs. These calculations are sensitive to unmeasured losses. Spanghero and Kowalski (2021) showed that collection and preservation problems can inflate nitrogen-retention estimates in dairy-cow experiments; the methodological concern is also relevant when designing goat studies.
Reports should identify the collection method, sampling schedule, urine preservation, total volume basis, mixing procedure and analytical method. Acid added to collection vessels must be accounted for when calculating the volume represented by an aliquot. Repeated laboratory determinations improve analytical precision but do not increase the number of independent animals. Nitrogen retention should be reported in g/day as well as a percentage of intake, with biological plausibility checked against the animals’ production state.
Methane mitigation separating evidence from expectation
Methane outcomes need explicit denominators
Methanogenesis participates in ruminal hydrogen disposal, and dietary interventions can change hydrogen production, alternative sinks and fermentation efficiency (Beauchemin et al., 2020). A methane response should nevertheless be interpreted alongside digestion and animal output. Suppressed fermentation can lower methane while reducing the nutrients available to the host.
Three outcomes answer different questions: daily emissions describe methane per animal; methane yield describes methane per unit DMI; and emissions intensity describes methane per unit product. A treatment can increase daily emissions if it increases intake while reducing emissions intensity through better growth. Conversely, lower daily emissions caused by reduced intake may be undesirable. In vitro methane per gram of incubated DM is a separate laboratory endpoint and should not be labelled animal emissions intensity.
Hydroponic evidence is crop- and diet-dependent
Mpanza et al. (2022) investigated barley sprouts in Meat-Master lambs and used a laser methane detector aimed at the nostrils. The measured signal represents methane concentration along the laser path. Its interpretation depends on sampling conditions and any subsequent estimation procedure; it should not be treated as equivalent to an independently measured whole-day methane flux. The study contributes animal-associated evidence for a different cereal and species, with limited quantitative transfer to sorghum-fed goats.
Li et al. (2024) tested hydroponic feeds in vitro and found that methane responses depended on plant species and replacement strategy. This variability argues against assigning a methane-reducing property to hydroponic cultivation itself. Effects on fermentation should be evaluated alongside substrate disappearance and the nutrients displaced from the ration.
Cowpea-specific goat evidence also merits consideration. Washaya et al. (2018) compared legume-containing diets and a control in 18 Xhosa lop-eared goats over 60 days. Methane measurements used a laser detector, and daily-output estimates additionally depended on respiratory assumptions or intake-based equations. Although the authors reported dietary differences, the concentration measurements and model-derived daily values should remain distinct. This study supports testing cowpea-containing diets but does not validate mitigation by hydroponic sorghum–cowpea mixtures. Tannin explanations require measurements in the actual feed, and environmental assessment should include nitrogen losses alongside methane.
Safety, economics and relevance to smallholders
Cyanogenic potential is central to sorghum evaluation
Sorghum contains dhurrin, which can release hydrogen cyanide when tissues are damaged. Giantin et al. (2024) documented serious poisoning associated with wild and cultivated sorghum in cattle, including exposure to young plants under adverse conditions. The report establishes the importance of managing cyanogenic risk, although it does not quantify risk from a particular hydroponic goat ration.
Growth conditions also matter. Fu et al. (2025) found that saline irrigation affected sorghum growth and cyanogenic toxicity, showing that an alternative water source can introduce nutritional trade-offs. This supports testing water quality and cyanogenic potential rather than assuming that vigorous growth demonstrates feed safety. A fixed seedling age alone cannot certify safe fodder.
Hydroponic evaluations should include the whole material offered, including roots and residual seed, and identify sampling and analytical procedures. Preservation or processing treatments should be assessed for their actual effect on cyanogenic potential. Evidence from one batch or cultivar should not be generalized to all seed sources or seasons.
Hygiene and dependable production
Warm, moist sprouting conditions require attention to seed quality, drainage and sanitation (Pastorelli et al., 2024). Fodder output should be expressed as usable feed after contaminated or failed batches are discarded. Production records should distinguish biological growth from feed that actually reaches the animals.
A dependable smallholder system also needs daily water, labour and a replacement seed supply. Interruptions can matter more than average yield when a farmer relies on sprouts to fill a seasonal gap. Evaluation should therefore record downtime and batch failure rather than reporting only the best production cycle. These measures make technical performance relevant to routine management.
Costs and resource use should follow nutrient delivery
Cost per kilogram fresh fodder rewards water accumulation and can obscure expensive nutrient supply. More informative measures include cost per kilogram usable DM, digestible DM and live-weight gain. Seed opportunity cost, labour, water, energy, infrastructure, cleaning and rejected batches should be included. The appropriate alternative may be cowpea hay supplementation, improved forage conservation or direct grain feeding rather than another hydroponic system.
The Zambian context also warrants comparison with established forage-development options. Mwendia et al. (2023) identified nutritional, economic and environmental opportunities from cultivated forages and stronger seed systems. This provides a broader setting for evaluating hydroponics: investment in a sprouting unit should be compared with the benefits of producing, conserving and using additional conventional forage. The relevant choice is the intervention that most effectively closes the local feed deficit.
Claims about land and water savings also need clear boundaries. The tray area is only one component: seed production uses land and water upstream. System comparisons should distinguish irrigation applied from net water consumption and include washing, drainage, cooling and losses. The recent hydroponic literature identifies promising applications but also substantial uncertainty about long-term economic and environmental performance (Vastolo and Cutrignelli, 2025). For Zambia, local seed prices, seasonal forage availability and the value of additional animal output should determine whether adoption is worthwhile.
An integrated research agenda
The principal gap is the intersection of evidence. There are studies of hydroponic sorghum, studies of sprouted cereal feeding in goats, and studies of cowpea utilization. Their existence does not establish the response to hydroponic sorghum combined with cowpea in a particular tropical goat system. A staged programme should connect feed production, nutrient delivery and animal outcomes rather than studying each in isolation.
First, replicated production batches should quantify seed input, usable harvested DM, nutrient recovery, cyanogenic potential, water consumption and cost. Multiple seed lots or cultivars and contrasting seasonal conditions would help distinguish a stable response from a favourable batch. Conventional sorghum and cowpea should be characterized at clearly defined harvest stages and in the preservation forms intended for feeding.
Second, fermentation screening should use a common dry-matter basis, appropriate blanks, reference feeds and independent incubation runs. Baffa et al. (2023) showed that ingredient proportions can affect associative fermentation responses, supporting direct tests of mixtures against a defined additive expectation. Two-stage in vitro digestion, batch gas production and in situ disappearance answer different questions (Tilley and Terry, 1963). Methane must be quantified specifically rather than inferred from total gas; laboratory replicates within one inoculum run primarily describe technical variability. In Sossou et al. (2025), ensiling increased in vitro dry-matter degradability from 56.2 to 60.0% (P = 0.020), but methane did not differ significantly (P = 0.645), illustrating why greater degradation cannot substitute for a methane measurement.
Third, goat experiments should distinguish practical ration comparisons from tests of the sprouting process. A two-factor arrangement comprising sorghum production form and cowpea supplementation can evaluate whether the cowpea response differs between conventional and hydroponic forage. A suitable unsprouted-grain comparator addresses a separate question about the value added by germination. Table 3 sets out priorities and the conclusions each design can support.
Table 3. Priority studies and the decisions they would support
	Research question
	Suitable comparison
	Primary outcomes
	Decision supported

	Does sprouting add feeding value?
	Sprouted versus appropriately processed unsprouted sorghum grain in comparable rations
	Nutrient recovery, digestible intake and costs
	Whether germination adds value beyond grain feeding

	Does cowpea complement each sorghum form?
	Conventional or hydroponic sorghum, each with and without cowpea
	DMI, digestibility, N partitioning and interaction
	Whether supplementation responses depend on sorghum form

	Is the fodder consistently safe?
	Cultivars, seed lots, harvest ages and water conditions
	Cyanogenic potential and usable batch yield
	Appropriate production and monitoring conditions

	Are benefits sustained?
	Promising balanced mixtures against realistic conventional diets
	Growth, health, refusals and cost per gain
	Practical feeding recommendation

	Does methane mitigation occur in goats?
	Candidate diets with direct animal gas measurement
	Methane output, yield, intensity and productivity
	Validity of emissions claims

	Is adoption worthwhile?
	Routine on-farm use against current feed strategies
	Labour, reliability, net returns and farmer preference
	Feasibility under local conditions


These are proposed research priorities, not established treatment recommendations. Experimental replication and sample size should follow the primary research question.
Crossover or Latin-square trials can investigate intake, digestibility and nitrogen partitioning, provided adaptation, sequence, period effects and possible carryover are considered. Animal-period observations contribute to treatment estimation, with repeated observations within animals accounted for in the model. Collection days and laboratory aliquots do not create additional independent animals. Longer randomized trials are needed for sustained growth, health and feed-cost outcomes. Sample size should follow the primary endpoint, expected variation and planned analysis, rather than the number of analytical measurements.
Finally, on-farm comparisons should test routine labour, production reliability, farmer preferences and net returns. Direct methane measurement would be needed to validate emissions claims in goats. Where it is unavailable, fermentation results can prioritize diets for further testing, but should remain identified as screening evidence. The adoption decision should integrate nutritional adequacy, safety, affordability and resilience of the feed supply.
Limitations of the review
The targeted narrative selection may omit relevant studies and does not quantify publication bias. Accessible evidence differs in crop, animal species, physiological state, basal diet, replacement basis and outcome method. Not all methodological or numerical details could be established for every study. These constraints prevent a pooled inclusion recommendation or a reliable quantitative prediction of methane mitigation. The review’s evidence tables summarize selected studies rather than an exhaustive inventory.
Evidence from sheep, cattle and cereals other than sorghum is useful for identifying mechanisms and experimental priorities, but remains indirect for sorghum–cowpea diets in goats. Similarly, maintenance feeding and short metabolism studies cannot establish long-term productive performance. The strongest conclusions concern the criteria required for evaluation; the biological and economic advantage of a particular mixture remains context-dependent.
Conclusions
Conventional sorghum and cowpea provide complementary feed resources, particularly where mature cereal forage supplies insufficient nitrogen. Hydroponic sorghum may be useful for rapid local feed supply, but increased fresh biomass or CP concentration does not establish greater recoverable nutrients or animal performance. The relevant comparison is the amount and cost of safe digestible nutrients consumed, including seed use, production losses and refusals.
Cowpea responses depend on preservation, ration energy supply and the dietary component replaced. Available feeding evidence supports testing balanced mixtures and monitoring nitrogen partitioning, rather than prescribing a universal inclusion rate. Methane effects remain conditional on feed identity and measurement method; laboratory gas results and laser-derived estimates cannot establish whole-system mitigation. Recommendations for Zambia should therefore rest on linked production, feeding and farm-budget evaluations that demonstrate sustained animal benefit, acceptable safety and dependable feed supply.
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