


Effects of Sickle Bush Pod Meal Supplementation on Nutrient Intake Apparent Digestibility and Nitrogen Balance in Blackhead Persian Sheep Fed Rhodes Grass Hay
Abstract
This study evaluated sickle bush (Dichrostachys cinerea) pod meal supplementation of Rhodes grass (Chloris gayana) hay in growing Blackhead Persian sheep. Three male sheep with a mean initial body weight of 17.73 ± 0.09 kg (mean ± SD) received hay alone or hay supplemented with 200 or 300 g pod meal/day as fed in a 3 × 3 Latin square. Each period comprised 7 days of adaptation and 5 days of total faecal and urine collection. Pod meal contained 186.5 g crude protein/kg dry matter (DM), compared with 35.0 g/kg DM in hay. Total DM intake was 296.2, 460.5 and 625.5 g/day in the control, 200 and 300 g/day treatments, respectively (P = 0.0059), with all three means differing in the pairwise comparisons. Organic matter and fibre intakes also differed among all treatments, whereas crude protein intake was greater in both supplemented treatments than in the control but did not differ between supplementation levels. Apparent DM, organic matter and neutral detergent fibre digestibility showed exploratory tendencies toward treatment differences (P = 0.059, 0.057 and 0.069), whereas crude protein digestibility did not differ significantly. The overall treatment effect on acid detergent fibre digestibility was significant (P = 0.048), although no Tukey-adjusted pairwise difference was detected. Nitrogen retention was 0.5, 3.6 and 4.3 g/day, respectively (P = 0.022); both supplemented treatments exceeded the control but did not differ from each other. Nitrogen retention as a percentage of intake showed an exploratory tendency toward treatment differences (P = 0.065), while retention as a percentage of digested nitrogen and body-weight change did not differ significantly. Supplementation increased total nutrient intake and absolute nitrogen retention, without establishing improved nitrogen-use efficiency, a general digestibility benefit or a growth response. 
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Introduction
Low-quality forage is a major constraint to small-ruminant production in tropical and subtropical regions, particularly during the prolonged dry season when the quantity and nutritive value of natural pasture decline. Surveys of mixed crop-livestock systems in sub-Saharan Africa consistently identify dry-season feed scarcity as a major limitation to livestock productivity, with farmers relying heavily on mature natural pasture, crop residues and other fibrous feeds of low nutritive value (Duguma and Janssens, 2021; Orounladji et al., 2025). As tropical grasses mature, the proportion of structural carbohydrates increases, while crude protein concentration and digestibility generally decline. For example, delayed harvesting of tropical grass has been associated with increased neutral and acid detergent fibre concentrations and reductions in crude protein concentration and in vitro dry matter digestibility (Andualem and Hundessa, 2022). These changes reduce the supply of fermentable nutrients and nitrogen required by rumen microorganisms, potentially limiting microbial growth, fibre degradation, voluntary feed intake and the availability of absorbed nutrients to the animal.
Supplementation of poor-quality roughages with protein-rich feed resources can partly overcome these nutritional limitations by supplying nitrogen and other nutrients required for efficient rumen fermentation. Conventional protein concentrates may be effective, but their price, seasonal availability and competition with human and monogastric-animal feeding can restrict their use in smallholder production systems. Consequently, increasing attention has been given to locally available browse plants, fodder trees, forage legumes and agricultural by-products that can be harvested, processed and stored for dry-season feeding. A recent meta-analysis showed that browse species and forage legumes generally contain appreciable concentrations of crude protein and that their inclusion in low-quality basal diets can improve dry matter intake, apparent nutrient digestibility and animal performance (Belete et al., 2024). Similarly, Fasae and Adelusi (2024) concluded that fodder-tree legumes can provide supplemental nitrogen, improve digestibility and nitrogen retention, and contribute to more resilient sheep and goat feeding systems during periods of forage scarcity.
Sickle bush (Dichrostachys cinerea) is a drought-tolerant woody legume widely distributed in the savannah and semi-arid regions of Africa. It produces pods during the dry season, when herbaceous forage is often scarce and nutritionally inadequate. The pods can be collected, sun-dried, ground and stored, making them a potentially useful protein supplement for smallholder sheep and goat production. Earlier studies demonstrated that D. cinerea fruits can supply protein and support nutrient intake and utilization in goats fed poor-quality roughages (Mlambo et al., 2004; Smith et al., 2005). Other locally available pod meals have also improved nutrient intake, digestibility and nitrogen retention when used to supplement fibrous crop residues (Kanyinji et al., 2017). These findings suggest that dry-season browse pods may provide a practical means of converting underutilized local plant resources into livestock feed.
Nevertheless, the feeding value of browse pods cannot be predicted from crude protein concentration alone. Browse species may contain condensed tannins and other secondary plant metabolites that can bind dietary protein and carbohydrates, alter rumen fermentation and reduce nutrient availability when present at high concentrations. At moderate concentrations, however, tannins may protect dietary protein from excessive ruminal degradation and provide other potential benefits. Their overall effect depends on tannin concentration and structure, the amount of browse consumed, the composition of the basal diet and the animal species involved (Kelln et al., 2021). The nutritional response to D. cinerea pod meal may therefore vary with supplementation level, and results obtained in goats or with other basal roughages cannot be assumed to apply directly to sheep consuming mature Rhodes grass hay.
Despite the potential availability of D. cinerea pods during the dry season, information on their use as a supplement for sheep fed mature Rhodes grass (Chloris gayana) hay remains limited. In particular, evidence is required on whether pod-meal supplementation improves total feed intake, apparent total-tract digestibility and nitrogen utilization under a low-quality roughage feeding system. This study therefore evaluated the effects of supplementing Rhodes grass hay with 0, 200 or 300 g of sickle bush pod meal per sheep daily on nutrient intake, apparent total-tract digestibility, nitrogen balance and short-term body-weight change. We hypothesized that sickle bush pod meal supplementation would increase nutrient intake, apparent digestibility and nitrogen retention relative to an unsupplemented Rhodes grass hay diet.
Materials and Methods
Study site and preparation of feeds
Ripe sickle bush pods were collected by hand in Katete District, Eastern Province, Zambia (approximately 13.8-14.5° S and 31.5-32.3° E). The pods were sun-dried, ground into meal, bagged and stored in a cool, dry place. The feeding study was conducted at the Natural Resources Development College in Lusaka, Zambia. Representative samples of Rhodes grass hay and sickle bush pod meal were retained for laboratory analysis.
Animals, experimental design and treatments
Formal ethical approval was not obtained prior to the commencement of this study. However, the animals were monitored throughout the experiment, no adverse clinical signs were observed, and all procedures were conducted in accordance with the principles of humane animal treatment intended to minimize discomfort
Three healthy growing male Blackhead Persian sheep with an initial body weight of 17.73 ± 0.09 kg (mean ± SD) were housed individually in metabolism cages. The experiment used one 3 × 3 Latin square comprising three sheep, three treatments and three periods. Before the first period, sheep were randomly assigned to the three cyclic treatment sequences shown in Table 1: A–B–C, B–C–A and C–A–B. Treatments were then rotated according to these sequences. Thus, each sheep received every treatment once, and each treatment occurred once in each period. The specific randomization procedure was not documented. Replicated 3 × 3 Latin squares have been used in sheep metabolism studies (Galvani et al., 2010).
Table 1. Layout of the 3 × 3 Latin Square Design
	Animal 
	Period 1
	Period 2
	Period 3

	Sheep 1
	A
	B
	C

	Sheep 2
	B
	C
	A

	Sheep 3
	C
	A
	B


A = Control (Rhodes grass hay alone); B = 200 g/day sickle bush pod meal; C = 300 g/day sickle bush pod meal.
Treatments were Rhodes grass hay alone (control), or hay supplemented with 200 or 300 g sickle bush pod meal per sheep daily, expressed on an as-fed basis. Before the experimental periods, sheep received hay for 14 days to adapt to housing and the basal diet. Each experimental period lasted 12 days, comprising 7 days of adaptation to the assigned diet and 5 days of sample collection. The 5-day faecal-collection period exceeded the four-day minimum reported by Farenzena et al. (2017), although adaptation and urine collection were shorter than the durations recommended under the dietary shifts tested in that study. Pod meal was offered at 08:00 h before Rhodes grass hay, which was offered ad libitum. Fresh drinking water was continuously available and replaced daily.
Sample collection and laboratory analysis
During each 5-day collection phase, feed offered was recorded daily, and hay and pod-meal refusals were collected and weighed together. Faeces were collected daily, weighed, and a 10% aliquot was frozen at -20°C. Urine was collected in containers containing 10 mL of 10% sulphuric acid. The total acidified volume was measured daily and included the added acid. Urine was mixed thoroughly before a 5% aliquot was taken and frozen at −20°C. Urine pH was not checked. Daily subsamples were composited separately for each sheep within each period. Feed, refusal and faecal samples were dried and ground through a 1-mm screen for analysis. Urine aliquots were thawed and combined within sheep and period; the composite samples were used to determine nitrogen concentration and calculate mean daily urinary nitrogen output.
Body weights were recorded at the beginning and end of each experimental period. Period-specific body-weight change was calculated as period-end weight minus period-start weight. Body-weight change was therefore treated as an exploratory measurement because short-term differences could reflect variation in gastrointestinal fill and hydration rather than tissue gain.
Dry matter and nitrogen were determined according to the 15th edition of the Official Methods of Analysis (AOAC, 1990), and CP was calculated as nitrogen × 6.25. Organic matter was calculated from dry matter and ash determined by ignition at 550 °C for 4 h. NDF and ADF were determined according to Van Soest et al. (1991), without heat-stable amylase or sodium sulfite and without correction for residual ash. Feed composition is reported as the mean of three repeated laboratory analyses of one composite sample of each feed. These determinations were technical replicates and describe the analysed materials rather than variation among independently sampled feed batches. Feed-composition SEMs are not reported because their calculation could not be established from the records.
Calculation of intake digestibility and nitrogen balance
Calculations were made for each sheep within each collection period. Feed masses were expressed as g/day, DM fractions as g/g as fed, and nutrient concentrations as g/g DM. The DM and nutrient contents of offered hay and pod meal were calculated using their respective analysed concentrations. Total intake was calculated by subtracting the DM or nutrient mass in the combined refusals, using their analysed concentrations, from the total mass offered. Because hay and pod-meal refusals were collected and weighed together, intake of the two feed components could not be determined separately. Mean daily intake and faecal output were calculated over the five collection days. The calculation equations were:
Total DM intake (g/day) = Σ(feed offered × feed DM fraction) − (combined refusal mass × refusal DM fraction).
Nutrient intake (g/day) = Σ(offered DM × nutrient concentration in each feed) − (combined refusal DM × nutrient concentration in combined refusals).
The summation in the intake equations refers to offered hay and pod meal.
Faecal nutrient output (g/day) = faecal DM output × nutrient concentration in faecal DM.
Apparent nutrient digestibility (%) = 100 × (nutrient intake − faecal nutrient output)/nutrient intake.
N intake (g/day) = CP intake (g/day)/6.25.
Faecal N output (g/day) = faecal DM output (g/day) × faecal N concentration (g/g DM).
Mean daily urinary N output (g/day) = composite acidified-urine N concentration (g/L) × Σ daily acidified-urine volumes (L)/5.
Apparently digested N (g/day) = N intake − faecal N output.
N retained (g/day) = N intake − faecal N output − urinary N output.
N retained as a percentage of intake = 100 × N retained/N intake.
N retained as a percentage of apparently digested N = 100 × N retained/(N intake − faecal N output).
Because each daily urine aliquot represented 5% of the thoroughly mixed acidified collection, combining the proportional aliquots produced a volume-weighted composite. Its nitrogen concentration was multiplied by the summed acidified volume and divided by five to obtain mean daily output. Both concentration and volume refer to the same acidified mixture; the added acid was therefore not subtracted from the measured volume. Percentages were calculated per sheep-period before treatment summaries were produced.
Statistical analysis
Data were analysed using the MIXED procedure of SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), according to one 3 × 3 Latin square with treatment, period and sheep as fixed effects:
Yijk = μ + Ti + Pj + Sk + εijk
where Yijk is the observation for treatment i, period j and sheep k; μ is the overall mean; Ti is the fixed effect of treatment; Pj is the fixed effect of period; Sk is the fixed blocking effect of sheep; and εijk is the residual error. The individual sheep within each experimental period constituted the unit of observation. Because the experiment consisted of one 3 × 3 Latin square, the residual error had two degrees of freedom.
The model assumed independent residual errors with a common variance; no additional repeated-measures covariance structure was fitted. Treatment tests used two numerator and two denominator degrees of freedom. Treatment means were compared using Tukey-adjusted pairwise comparisons at P < 0.05. SEM represents the standard error of a treatment mean. The treatment P-values and Tukey groupings were verified against the original SAS output before finalizing the manuscript.
Percentage responses, including apparent nutrient digestibility, nitrogen retained as a percentage of nitrogen intake and nitrogen retained as a percentage of apparently digested nitrogen, were calculated separately for each sheep within each period before statistical analysis. Consequently, percentages calculated directly from the rounded treatment means presented in the tables may differ slightly from the reported least-squares means of the animal-period percentages.
Statistical significance was defined as P < 0.05. Values satisfying 0.05 < P < 0.10 were interpreted as exploratory statistical tendencies, distinct from significant effects. This interpretive convention was introduced during manuscript revision and was not a prespecified analysis criterion. Because multiple outcomes were evaluated and only two residual degrees of freedom were available, tendencies were treated as hypothesis-generating. Non-significant findings were not interpreted as evidence of equivalence. 
Results
Chemical composition of the feeds
Sickle bush pod meal contained 186.5 g CP/kg DM, compared with 35.0 g/kg DM in Rhodes grass hay (Table 2). Organic matter concentrations were 954.0 and 942.0 g/kg DM, respectively. Pod meal had a lower ADF concentration than hay (590.7 versus 614.6 g/kg DM) and a slightly higher NDF concentration (637.0 versus 624.1 g/kg DM). Feed-composition values describe the materials analysed; no inferential comparison between feeds was made.
Table 2. 	Chemical composition of Rhodes grass hay and sickle bush pod meal (DM in g/kg as fed; other components in g/kg DM)
	Component
	Rhodes grass hay
	Sickle bush pod meal

	DM
	928.0
	933.0

	OM
	942.0
	954.0

	CP
	35.0
	186.5

	ADF
	614.6
	590.7

	NDF
	624.1
	637.0


Values are means of three repeated laboratory analyses of one composite sample per feed. These were technical replicates, not independent feed samples. No inferential comparison between feeds was made. SEM is omitted because its calculation was undocumented. RH = Rhodes grass hay; DM = dry matter; OM = organic matter; CP = crude protein; ADF = acid detergent fibre; NDF = neutral detergent fibre

Body weight and nutrient intake
Period-start body weight, period-end body weight and period-specific body-weight change did not differ significantly among treatments (P = 0.930, 0.907 and 0.447, respectively; Table 3). Mean period weight changes were 0.13, 0.33 and 0.24 kg for the control, 200 and 300 g/day treatments, respectively.
Table 3 	Body weight and weight change (kg), as well as nutrient intake (g/day) in Blackhead Persian sheep fed Rhodes grass hay supplemented with varying levels of sickle bush pod meal
	Response
	Control
	200 g/day
	300 g/day
	SEM
	P-value

	Period-start body weight (kg)
	17.8
	17.7
	17.7
	0.21
	0.930

	Period-end body weight (kg)
	17.9
	18.0
	17.9
	0.18
	0.907

	Period body-weight change (kg)
	0.13
	0.33
	0.24
	0.09
	0.447

	Total DM intake (g/day)
	296.2ᵃ
	460.5ᵇ
	625.5ᶜ
	12.7
	0.0059

	OM intake (g/day)
	282.7ᵃ
	437.1ᵇ
	593.2ᶜ
	11.9
	0.0058

	CP intake (g/day)
	10.4ᵃ
	44.2ᵇ
	60.3ᵇ
	2.4
	0.0088

	ADF intake (g/day)
	175.0ᵃ
	283.9ᵇ
	375.6ᶜ
	9.8
	0.0094

	NDF intake (g/day)
	190.7ᵃ
	288.2ᵇ
	397.5ᶜ
	10.2
	0.0096


DM = dry matter; OM = organic matter; CP = crude protein; ADF = acid detergent fibre; NDF = neutral detergent fibre. SEM is the standard error of a treatment mean. P-values represent overall treatment tests from the Latin-square model with two numerator and two denominator degrees of freedom. Means within a row sharing a superscript letter do not differ at P < 0.05. Means with no shared letter differ. Rows without superscripts have no detected pairwise differences. Body weights were not standardized for fasting status or time relative to feeding; period weight change should not be interpreted as tissue growth.

Total DM, OM, CP, ADF and NDF intake differed among treatments (P = 0.0059, 0.0058, 0.0088, 0.0094 and 0.0096, respectively; Table 3). Total DM intake increased from 296.2 g/day in the control to 460.5 and 625.5 g/day at 200 and 300 g/day supplementation. The displayed groupings indicate differences among all three treatments for total DM, OM, ADF and NDF intake. CP intake was greater in both supplemented treatments than in the control, but the supplemented treatments did not differ.
Apparent digestibility
Apparent DM, OM, CP and NDF digestibility did not differ significantly among treatments (P = 0.059, 0.057, 0.146 and 0.069, respectively; Table 4). Their means were numerically higher with supplementation than with hay alone. ADF digestibility was 23.6%, 45.3% and 49.3% for the control, 200 and 300 g/day treatments, respectively. Its overall treatment test was significant (P = 0.048), but none of the Tukey-adjusted pairwise comparisons was significant at P < 0.05. Thus, no specific treatment pair was identified as differing in ADF digestibility. The DM, OM and NDF results are described as exploratory statistical tendencies (0.05 < P < 0.10), with higher numerical digestibility in supplemented treatments. These tendencies do not establish significant differences between particular treatments.
Table 4 	Apparent total-tract nutrient digestibility (%) in Blackhead Persian sheep fed Rhodes grass hay supplemented with sickle bush pod meal
	Nutrient (%)
	Control
	200 g/day
	300 g/day
	SEM
	 P-value

	DM
	34.4
	51.2
	55.7
	2.8
	0.059

	OM
	37.4
	53.3
	57.5
	2.6
	0.057

	CP
	36.4
	52.3
	47.9
	3.4
	0.146

	ADF
	23.6
	45.3
	49.3
	3.1
	0.048

	NDF
	26.0
	42.5
	46.8
	3.0
	0.069


SEM is the standard error of a treatment mean. P-values represent overall treatment tests with two numerator and two denominator degrees of freedom. Percentages were calculated per sheep-period before analysis. No Tukey-adjusted pairwise comparison was significant at P < 0.05, despite the significant overall ADF treatment test.
Nitrogen balance
Nitrogen intake, faecal N output, apparently digested N and N retention differed among treatments (P = 0.0097, 0.023, 0.020 and 0.022, respectively; Table 5). Nitrogen intake, apparently digested N and N retention were greater in both supplemented treatments than in the control; none differed significantly between supplementation levels according to the displayed groupings. Faecal N was greater at 300 g/day than in the control, while 200 g/day did not differ from either treatment. Urinary N did not differ significantly (P = 0.429). Nitrogen retained as a percentage of intake was 29.4%, 50.7% and 44.8%, respectively (P = 0.065). Retention as a percentage of apparently digested N was 83.3%, 97.3% and 93.5% (P = 0.163). Neither proportional-retention measure differed significantly among treatments. Retention as a percentage of intake showed an exploratory tendency toward treatment differences (P = 0.065), with the highest numerical value at 200 g/day; this does not establish a difference between specific treatments.
Table 5 	Nitrogen balance of Blackhead Persian sheep fed Rhodes grass hay supplemented with sickle bush pod meal
	Response
	Control
	200 g/day
	300 g/day
	SEM
	P-value

	N intake (g/day)
	1.7ᵃ
	7.1ᵇ
	9.6ᵇ
	0.4
	0.0097

	Faecal N (g/day)
	1.1ᵃ
	3.4ᵃᵇ
	5.0ᵇ
	0.3
	0.023

	Urinary N (g/day)
	0.1
	0.1
	0.3
	0.1
	0.429

	Apparently digested N (g/day)
	0.6ᵃ
	3.7ᵇ
	4.6ᵇ
	0.3
	0.020

	N retained (g/day)
	0.5ᵃ
	3.6ᵇ
	4.3ᵇ
	0.3
	0.022

	N retained as % of intake
	29.4ᵃ
	50.7ᵃ
	44.8ᵃ
	2.9
	0.065

	N retained as % of digested N
	83.3
	97.3
	93.5
	3.2
	0.163


SEM is the standard error of a treatment mean. P-values represent overall treatment tests with two numerator and two denominator degrees of freedom. Means sharing a superscript letter do not differ according to Tukey-adjusted comparisons at P < 0.05; means with no shared letter differ. Percentage responses were calculated per sheep-period before analysis.
Discussion
The basal Rhodes grass hay contained only 35.0 g CP/kg DM, whereas sickle bush pod meal supplied 186.5 g CP/kg DM. This contrast identifies pod meal as a substantial additional nitrogen source in the diets tested. Low dietary nitrogen can constrain rumen microbial activity, and Bueno et al. (2010) reported low ruminal ammonia and microbial protein supply in sheep consuming low-quality tropical hay. However, rumen-degradable protein supply and rumen nitrogen status were not measured here, so the present feed composition does not establish the mechanism responsible for the observed intake and nitrogen-balance responses.
The clearest intake response was an increase in total DM and nutrient consumption with supplementation. Total DM, OM, ADF and NDF intake differed among all three treatments, while CP intake was greater in both supplemented treatments than in the control without a detected difference between supplementation levels. These findings are consistent with the potential of D. cinerea fruits and other pod meals to contribute nutrients to roughage-based diets (Mlambo et al., 2004; Smith et al., 2005; Kanyinji et al., 2017). The greater intake of fibrous components reflects the quantity and composition of the whole diet and does not itself demonstrate more efficient fibre digestion.
The increase in total DM intake reflects consumption of the whole diet. Hay and pod-meal refusals were collected and weighed together, so the results cannot establish whether supplementation stimulated basal-forage intake or quantify the amount of pod meal consumed separately. The treatment amounts of 200 and 300 g/day denote pod meal offered as fed. Consequently, the observed responses are interpreted in relation to offered supplementation amounts.
Evidence for a digestibility response was weaker than evidence for increased intake. DM, OM, CP and NDF digestibility were numerically higher with supplementation, but their overall tests did not reach P < 0.05. These results do not establish a general improvement in apparent nutrient digestibility. With only two residual degrees of freedom, the absence of significance also does not demonstrate that supplementation had no effect. Additional animals and appropriately adapted periods would be needed to estimate these responses more precisely. Within an exploratory range of 0.05 < P < 0.10, DM, OM and NDF digestibility showed statistical tendencies toward treatment differences. Their higher supplemented means are compatible with a possible nutritional response, but the limited precision prevents firm conclusions. CP digestibility (P = 0.146) falls outside this range and is not described as a tendency.
ADF digestibility was the only digestibility variable with a significant overall treatment test (P = 0.048). Nevertheless, no Tukey-adjusted pairwise comparison was significant in the verified analysis. This combination can occur because the overall test and multiplicity-adjusted pairwise tests answer different questions. The significant overall test does not identify a particular treatment pair as differing after adjustment for multiple comparisons. The present results therefore indicate an overall ADF treatment effect without establishing which specific treatment pair differed. Earlier work on banana leaf ash treatment of Rhodes grass hay provides context for alternative approaches to improving forage use (Kanyinji et al., 2014), but it cannot establish a digestibility response to pod meal in this experiment.
Apparent CP digestibility did not differ significantly among treatments (P = 0.146). The numerical values of 36.4%, 52.3% and 47.9% do not demonstrate improved protein digestibility with supplementation or a decline at the higher amount. Apparent digestibility is affected by dietary and endogenous faecal nitrogen, particularly when nitrogen intake is low. Tannins may also influence protein utilization, with responses depending on their concentration, structure and dietary context (Kelln et al., 2021; Mueller-Harvey et al., 2019). Because these compounds were not measured, their contribution cannot be identified here.
Absolute nitrogen retention was greater in both supplemented treatments than in the control (0.5 versus 3.6 and 4.3 g/day; overall P = 0.022). The two supplemented treatments shared a superscript letter and did not differ significantly. The 300 g/day treatment therefore had the numerically highest retention, but the data do not establish superiority over 200 g/day. Higher nitrogen intake and apparently digested nitrogen accompanied supplementation, providing a direct nutritional explanation for greater absolute retention without requiring an improvement in proportional efficiency.
Neither retention as a percentage of nitrogen intake nor retention as a percentage of apparently digested nitrogen differed significantly (P = 0.065 and 0.163, respectively). The numerically higher proportional retention at 200 g/day does not identify that amount as more efficient or optimal. Nitrogen balance represents net measured nitrogen intake minus faecal and urinary losses; it does not establish sustained tissue accretion over this short experiment. Interpretation should also account for the unusually low urinary nitrogen values and high retained proportions, which make collection completeness, preservation and analytical calculations important sources of uncertainty. Proportional retention relative to intake showed an exploratory statistical tendency (P = 0.065), with the highest numerical mean at 200 g/day. This observation warrants further evaluation but does not demonstrate greater nitrogen-use efficiency at that amount. Retention relative to apparently digested nitrogen (P = 0.163) showed no statistical tendency under this convention.
Faecal nitrogen was greater at 300 g/day than in the control, whereas 200 g/day was intermediate and did not differ from either treatment. Urinary nitrogen did not differ significantly. Tannin-containing diets can alter the route of nitrogen excretion (Tiemann et al., 2008; Abdullah et al., 2018), but greater faecal nitrogen here also accompanied greater nitrogen intake. Without tannin measurements, endogenous-loss estimates or evidence of reduced urinary excretion, the observed pattern cannot be attributed to tannin–protein binding or interpreted as a demonstrated shift from urinary to faecal nitrogen loss.
Period-specific body-weight change did not differ significantly (P = 0.447). This short metabolism experiment was not designed to establish sustained growth, and weights were not standardized for fasting status or time relative to feeding. Gastrointestinal fill and hydration can affect short-term live-weight measurements, as illustrated by Cole (1995). The observed weight changes therefore cannot demonstrate a growth advantage at either supplementation level. Longer trials with standardized repeated weighing are required to determine whether increased nutrient intake and nitrogen retention translate into productive benefits.
Taken together, the tabulated results support sickle bush pod meal as an additional nutrient source that increased total intake and absolute nitrogen retention in sheep consuming low-protein Rhodes grass hay. They do not establish improved proportional nitrogen retention, a general digestibility benefit or a growth response. Separate hay intake could not be determined. Neither the biological optimum nor the economic value of a supplementation amount can be determined from two supplemented treatments in this small experiment.
Study Limitations
The experiment comprised three sheep and nine sheep-period observations in one Latin square, leaving two residual degrees of freedom. This provides limited precision and restricts assessment of residual assumptions. Non-significant findings should be interpreted as insufficient evidence of treatment differences rather than evidence of equivalence. Treatment estimates and responses near P = 0.05 are particularly sensitive to measurement error and rounding. For interpretation only, P-values greater than 0.05 and less than 0.10 are described here as exploratory statistical tendencies. The exploratory convention is stated in the statistical methods but was introduced during revision after inspection of the results; it is not a separate significance criterion. Multiple outcomes were assessed, so these tendencies should be treated as hypothesis-generating.
The treatment tests and Tukey groupings were verified against the original SAS output. Nevertheless, inference remains limited by the three-animal design and two residual degrees of freedom. No confidence intervals are presented, limiting assessment of effect precision. Findings should therefore be interpreted in terms of the observed effect sizes as well as statistical significance.
Each treatment period included only 7 days of adaptation and 5 days of collection. Farenzena et al. (2017) recommended at least 12 days of adaptation for OM digestibility following the dietary shifts they tested, and minimum collection periods of 4 days for faecal and 7 days for urinary excretion variables. Thus, the present faecal-collection duration exceeded their minimum, but adaptation and urine collection were shorter than their recommendations. Preliminary adaptation to hay does not establish adaptation to the subsequent supplemented diets. Carryover and incomplete stabilization cannot be excluded, and the cyclic treatment sequences did not balance all preceding-treatment combinations.
Only two supplementation amounts were tested. Although intake generally increased numerically with the offered amount, differences between supplementation levels were not detected for CP intake, nitrogen intake, apparently digested nitrogen or nitrogen retention. The unequal spacing of 0, 200 and 300 g/day must be considered in any dose-scale analysis. The available results do not identify an optimal or economically preferable dose.
Feed composition was based on three repeated laboratory analyses of one composite sample per feed, so variation among independently sampled feed batches could not be assessed. The calculation of the original feed-composition SEM was undocumented, so that column was omitted. Organic matter was calculated from dry matter and ash determined by ignition at 550 °C for 4 h. Urine was mixed before aliquoting, its measured volume included added acid, and proportional aliquots were composited by sheep and period. Urine pH was not checked, so adequate acidification throughout collection could not be confirmed. Hay and pod-meal refusals were collected and weighed together; therefore, separate hay and supplement intakes, supplement-consumption percentages and any effect on basal-forage intake could not be determined.
Condensed tannins, rumen ammonia, pH, volatile fatty acids, microbial protein synthesis and passage rate were not measured. Mechanisms involving microbial stimulation or altered protein binding therefore remain hypotheses. Responses apply to the feed materials and growing male sheep tested and cannot be generalized to other batches, breeds or production settings without further evidence.
The approximately 50-day study, including preliminary adaptation, provides no evidence on long-term growth, reproductive performance, health or economic returns. Formal animal-ethics approval was not obtained before the experiment, as stated in the methods. Animal monitoring and humane handling do not remove this limitation. Larger trials with appropriate ethical oversight, adequately adapted periods, complete collection records and verified statistical analyses are required to establish practical feeding recommendations.
Conclusion
In this short metabolism study, supplementation of Rhodes grass hay with 200 or 300 g sickle bush pod meal/day increased total nutrient intake and absolute nitrogen retention relative to hay alone. Neither supplemented treatment showed superior nitrogen retention to the other. Exploratory statistical tendencies were observed for DM, OM and NDF digestibility, and nitrogen retention as a percentage of intake (0.05 < P < 0.10). These do not establish significant treatment-pair differences. Body-weight change, CP digestibility and retention as a percentage of apparently digested nitrogen showed neither significant differences nor statistical tendencies; ADF showed an overall treatment effect without a detected Tukey-adjusted pairwise difference. These preliminary findings support further evaluation of pod meal as a nutrient supplement but do not establish a general digestibility benefit, growth advantage or recommended production dose. The findings apply to the offered supplementation amounts and do not establish complete supplement consumption.
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