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ABSTRACT
Keywords: Costus speciosus is a medicinal plant containing diverse bioactive constituents with
Costus Speciosus; Medicinal potential biological applications. However, experimental evidence regarding its effects
Plant; Male Rabbits; Growth on growth performance and humoral immune responses in rabbits remains limited. This
Performance; study evaluated the effects of graded doses of Costus speciosus extract on growth
Immunomodulation. performance, feed utilization, and humoral immune response in male rabbits. Methods:

Male rabbits were allocated to four experimentalgroups receiving the control treatment
or C. speciosus extract at doses of 100, 300, and 600 mg/kg. We evaluated growth
performance parameters, including final body weight, total body weight gain, daily weight
gain, dry matter intake, and feed conversion ratio. We assessed the humoral immune
response using anti-sheep red blood cell (SRBC) antibody titers before immunizationand
on days 7 and 14 after immunization. Initial body weights were comparable among
groups. Final body weightincreased from 3.07 + 0.05 kg in controls to 3.18 £ 0.04, 3.31
0.05, and 3.32 + 0.04 kg at 100, 300, and 600 mg/kg, respectively (P < 0.05). Total body
weight gain increased from 0.86 + 0.03 kg incontrols to 1.04 + 0.03, 1.15 + 0.04, and 1.25
+0.04 kg, while daily weight gain increased from 15.4 0.6 to 18.6 + 0.6, 20.5 + 0.7, and
22.3 0.7 g/day, respectively (P<0.05). Feed conversion ratio decreased from 4.11+ 0.09
in controls to 3.49 £ 0.07, 3.25 = 0.08, and 3.04 £ 0.06, respectively (P < 0.05). Anti-SRBC
antibody titers on day 7 increased from 6.8 + 0.3 log2 in controls to 7.9 + 0.3, 8.7 = 0.3,
and 9.4 £ 0.3 log2, while day-14 titersincreased from 8.1 +0.3t0 9.5 + 0.4, 10.4 £ 0.3, and
11.2 £ 0.3 log2, respectively (P < 0.05). C. speciosus extract was associated with dose-
related improvements in growth performance, feed conversion, and anti-SRBC antibody
responses inmale rabbits. The findings support further investigation of C. speciosus as a
botanical candidate for improving productive performance and humoral immune
responses in animal production.

Introduction

Rabbit production has attracted considerable attention as an efficient source of high-quality animal protein because rabbits
have a relatively short production cycle, rapid growth, high reproductive capacity, and efficient utilization of dietary nutrients
[1]. The productive performance of growing rabbits is strongly influenced by dietary quality, feed intake, nutrient utilization,
gastrointestinalhealth, and the ability of animals to maintainan adequate physiologicaland immune status[2]. Consequently,
improving feed efficiency while maintaining optimal health has become an important objective in contemporary rabbit
productionsystems[3]. Theincreasinginterestinnaturalfeed additives has stimulated researchintomedicinalplants and their
extracts as potential alternatives or complementary approaches to conventional feed additives [4]. Plant-derived products
contain diverse bioactive compounds, including phenolics, flavonoids, terpenoids, alkaloids, saponins, and steroidal
constituents, which may exert antioxidant, antimicrobial, anti-inflammatory, and immunomodulatory activities [5]. These
biological properties have attracted considerable interest in animal nutrition because phytogenic additives may influence
productive performance, nutrient utilization, intestinal function, and immune responses [6].

In rabbits, dietary supplementation with herbs and plant extracts has been investigated as a means of improving growth
performance and feed utilization, althoughresponsesvary accordingtoplant species, extractcomposition, dose, experimental
conditions, and duration of supplementation [7-15]. A recent meta-analysis involving 33 in vivo studies and 121 experimental
units reported that herbal supplementation was associated with improved feed conversion ratio and nutrient digestibility in
farmedrabbits, although effects onfinalbody weight and average daily gainwere not consistently observed acrossallbotanical
preparations [16-25]. These findings emphasize the importance of evaluating individual plant species and establishing
appropriate dose-response relationships rather than assuming uniform effects among different phytogenic additives [ 26-40].
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The immune system is another important determinant of productivity and health in rabbits because adequate immune
responsiveness contributes to resistance against infectious and environmental challenges [40]. Plant-derived feed additives
have been reported to influence immune-related parameters in livestock, and systematic evidence indicates that phytogenic
supplementation canaffect both productive performance and immuneresponses, particularlyinmonogastric species [41]. In
rabbits, natural feed additives have been investigated for their potential to improve immune capacity together with growth
performance and feed efficiency [42-47]. Among medicinal plants, Costus speciosus (Koen.) Sm., belonging to the family
Costaceae, hasreceived considerable scientificinterestbecause of itsdiverse phytochemicalcomposition and broad range of
reported biological activities [48].

Phytochemical investigations of C. speciosus have identified steroidal saponins, particularly diosgenin and related
compounds, together with flavonoids, terpenoids, phenolic constituents, and other secondary metabolites [49]. Diosgeninis
one of the characteristic bioactive constituents associated with C. speciosus and has beeninvestigated extensively because
of its pharmacological and biological properties [50]. Experimental studies have reported antioxidant and anti-inflammatory
activities associated with constituents of C. speciosus, suggesting that the plant possesses biologically active compounds
capable of interacting with pathways relevant to cellular protection and immune regulation [51]. In particular, diosgenin and
other constituentsisolated from C. speciosus have beeninvestigated inexperimentalmodelsfor their effects on inflammatory
mediators and cellular signaling pathways. These findings provide a biological rationale for investigating C. speciosus as a
potential phytogenic supplementin animal production, although pharmacological activity demonstrated in experimental
models should not automatically be equated with a demonstrated nutritional benefit in livestock [52]. The application of
medicinalplantsinrabbit nutritionrequires particularattentionto dose because phytogenic compounds may produce different
biological responses dependingon concentration, preparationmethod, bioavailability, and duration ofadministration. Recent
systematic evidenceindicatesthat dose optimizationisanimportant considerationwhenevaluating phytogenic feed additives,
with some botanical preparations showing beneficial responses at specific inclusion levels but limited additional effects at
higher doses [53]. In particular, the effects of graded doses of C. speciosus extract on bodyweight development, weight gain,
dry matter intake, feed conversion ratio, and antibody-mediated responses following immunization require further
experimentalinvestigation. The present study was therefore designed to evaluate the effects of 100, 300, and 600 mg/kg C.
speciosus extract on growth performance, feed utilization, and humoral immune response in male rabbits. The study
specifically assessed body weight-related parameters, daily dry matter intake, feed conversionratio, and anti-sheep red blood
cell (SRBC) antibody titers during the early and later phases of the immune response.

Methods

Fresh rhizomes of Costus speciosus were collected duringthe flowering season from a botanicalgardenand authenticated by
a qualified taxonomist. Avoucher specimenwasdeposited inthe university herbariumfor future reference. Therhizomeswere
thoroughly washed with distilled water to remove adhering soiland debris, sliced into small pieces, and shade-dried at 40 °C
for 7 days. The dried materialwas subsequently ground into a fine powder using an electric grinder. For extraction, 1 kg of the
powdered rhizome materialwas macerated in 70% ethanolat aratioof 1:10 (w/v) for 72 h atroom temperature with intermittent
shaking. The mixture wasfiltered throughWhatmanNo. 1filter paper,and thefiltrate was concentrated under reduced pressure
at 45 °C using a rotary evaporator. The concentrated extract was subsequently lyophilized to obtain a dry crude extract. The
extractionyield was 18.6% (w/w). The resulting dark-brown extract was transferred to amber glass containers and stored at 4
°C untiladministration.

Forty-eight clinically healthy male New Zealand White rabbits, aged 4-5 months and weighing approximately 2.1-2.5 kg, were
obtained from a local commercialrabbit farm. Before commencement of the experiment, allanimals were subjected toa 14-
day acclimatization period under controlled laboratory conditions. The rabbits were maintained at a temperature of 22 +2 °C
undera12-hlight/12-hdarkcycle and relative humidity of 40-60%. Animals were provided with a standard commercial pelleted
diet containing approximately 18% crude proteinand 15% crudefiber, withfree access to clean drinking water throughout the
experimental period. The animals were individually housed in clean, well-ventilated wire-mesh cages. All experimental
procedures were conducted in accordance with institutional guidelines for the care and use of laboratory animals and were
approved by the relevant institutional animal ethics committee before initiation of the study.

Following acclimatization, the 48 rabbits were weighed and randomly allocated into four experimental groups of 12 animals
each (n = 12/group), with groups balanced according to initial body weight. The experimental groups were as follows: Group |
(Control): received distilled water orally. Group Il (C. speciosus 100 mg/kg): received C. speciosus extract at 100 mg/kg body
weight/day. Group lll (C. speciosus 300 mg/kg): received C. speciosus extract at 300 mg/kg body weight/day. Group IV (C.
speciosus 600 mg/kg): received C. speciosus extract at 600 mg/kg body weight/day. The extract was freshly suspended in
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distilled water and administered once daily by oral gavage for 56 consecutive days. The control animals received anequivalent
oral administration of distilled water. The administration volume was adjusted according to individualbody weight. Animals
were monitored daily throughout the experimental period for general health status, behavioral changes, feed and water
consumption, and any signs of morbidity or mortality. Individualbodyweightswere recorded at the beginning of the experiment
and subsequently at regular weekly intervals throughout the 56-day treatment period. Final body weight was recorded at the
end of the experimentalperiod. Totalbody weight gainwas calculated as: Totalbody weight gain (kg) =Final body weight — Initial
body weight.

Daily weight gain was calculated from the total body weight gain and experimental duration: Daily weight gain (g/day) = [Final
bodyweight - Initial bodyweight] x 1000 / 56. Daily feed intake was determined by providinga known quantity of feed to each
rabbitandrecordingthe residualfeed afterthe designated feedingperiod. Daily dry matterintake was calculated based onthe
dry matter content of the supplied commercialdiet. Feed conversion ratio (FCR) was calculated as: FCR = Total dry matter
intake (g) / Total body weight gain (g). Lower FCRvalues were interpreted as indicating improved feed utilization. The humoral
immune response was evaluated using the sheep red blood cell (SRBC) hemagglutination assay. All rabbits were immunized
intramuscularlywith 1 mL of a 10% suspension of SRBCs prepared insterile physiological saline on day 42 of the experimental
treatment. Blood samples were collected from the marginal ear vein immediately before immunization (day 0) and
subsequently ondays 7 and 14 post-immunization. Blood samples were allowed to clot at room temperature and were then
centrifugedtoobtainserum. The separatedserawere stored at -20°C untilanalysis. Anti-SRBC antibodytiterswere determined
using a micro-hemagglutination assay. Briefly, serial two-fold dilutions of serum were prepared in microtiter plates and
incubated with an equalvolume of standardized SRBC suspension.

Following incubation, the plates were examinedfor visible hemagglutination. The antibody titerwas expressedasthereciprocal
of the highest serum dilution showing complete agglutination and was convertedto alog2 value for statisticalanalysis. Antibody
titers obtained on day 7 were considered representative of the early antibody response, whereas titers measured on day 14
represented the later antibody response. At each scheduled sampling point, blood samples were collected using standard
aseptic procedures. Individual animal identification was maintained throughout the experimental period to permit repeated
measurements of body weight, feed intake, and immune-response variables. The primary outcome variables were final body
weight, totalbody weight gain, daily weight gain, daily dry matterintake, feed conversionratio, and anti-SRBC antibody titerson
days 0, 7, and 14 following immunization.

All quantitative datawere expressed asmean * standard error of the mean (SEM), with 12 rabbitsperexperimentalgroup (n=
12). Growth performance and feed utilization variables were compared among the four experimental groups using one -way
analysis of variance (ANOVA), followed by Tukey's multiple-comparison post hoc test when significant differences were
detected.For parameters measured repeatedly overtime,including body weight and anti-SRBC antibody titers, anappropriate
repeated-measures analysis was performed to account for measurements obtained from the same animals at different time
points. Where applicable, treatment group and sampling time were considered as fixed factors. Statistical analyses were
performed using GraphPad Prism version 9.0 (GraphPad Software, San Diego, CA, USA). Differences were considered
statistically significant at P <0.05.

Results

The results demonstrated a clear dose-related improvement in growth performance following administration of Costus
speciosus extract. Initial body weights were comparable among the experimental groups, ranging from 2.13 + 0.03t0 2.16 =
0.04 kg. Final body weight increased from 3.01 £ 0.05 kg in the control group to 3.18 £ 0.04, 3.31 £ 0.05, and 3.32 = 0.04 kg in
rabbitsreceiving 100, 300, and 600 mg/kg, respectively, with significant differences compared withthe controlgroup (P < 0.05).
Similarly, total body weight gain increased significantly from 0.86 + 0.03 kg in controls to 1.04 = 0.03, 1.15+ 0.04,and 1.25
0.04 kg at 100, 300, and 600 mg/kg, respectively (P< 0.05). Daily weight gain followed the same pattern,increasingfrom 15.4 +
0.6 g/dayin the controlgroup to18.6 £ 0.6,20.5+ 0.7, and 22.3 + 0.7 g/day at the respective extract doses (P < 0.05). Daily dry
matterintake showed a gradualincrease acrossthe groups, from 63.2 = 1.4 g/dayin controlsto65.0+1.3,66.7+ 1.5,and 67.8
+1.4g/dayat 100, 300, and 600 mg/kg, respectively.Incontrast, feed conversionratiodecreased progressivelyfrom4.11+0.09
in the control group to 3.49 = 0.07, 3.25 + 0.08, and 3.04 * 0.06, respectively, with all treated groups showing significant
differencesfromthe control (P < 0.05). Overall, the growth-related parameters showed progressively greater responsesacross
the tested doses.
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Figure 1. Effect of C. speciosus extract on total body weight gain of male rabbits (mean * SEM). *P <0.05 vs. control.

Table 1. Effect of C. speciosus extract on growth performance in male rabbits (mean * SEM, n = 12).

Parameter Control 100 mg/kg 300 mg/kg 600 mg/kg
Initial body weight (kg) 2.15+0.03 2.14+0.03 2.16+0.04 2.13+0.03
Finalbody weight (kg) 3.01+0.05 3.18£0.04* 3.31+0.05* 3.32+0.04*
Totalweight gain (kg) 0.86+0.03 1.04 £0.03* 1.15+0.04* 1.25+0.04*

Daily weight gain (g) 15.4+0.6 18.6 +0.6* 20.5+0.7* 22.3+£0.7*
Daily DM intake (g) 63.2+1.4 65.0+1.3 66.7+1.5 67.8+1.4
Feed conversionratio 4.11+0.09 3.49+0.07* 3.25+0.08* 3.04+0.06*

The anti-SRBC antibody titerswere comparable before immunization, withvaluesof2.2+0.2,2.3+ 0.2,2.2+0.2,and 2.3+ 0.2
log2 in the control, 100, 300, and 600 mg/kg groups, respectively. Following immunization, antibody titers increased in all
groups, with significantly higher responses observed in rabbits receiving C. speciosus extract (P < 0.05). On day 7,
correspondingto thelgM response, antibodytitersincreased from 6.8+ 0.3log2 in the controlgroupto7.9+ 0.3,8.7 + 0.3, and
9.4 = 0.3 log2 in the 100, 300, and 600 mg/kg groups, respectively. On day 14, corresponding to the IgG response, titers
increased from 8.1+ 0.3 log2 in controls to 9.5+ 0.4, 10.4+0.3,and 11.2 + 0.3 log2 at 100, 300, and 600 mg/kg, respectively (P
< 0.05). The observed antibody responses therefore demonstrated a consistent increase with increasing extract dose at both
sampling times, with the highest values recorded at 600 mg/kg.
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Figure 2. Anti-SRBC antibody titers (log2) on days 7 and 14 post-immunization (mean * SEM). *P < 0.05. vs. control.
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Table 2. Effect of C. speciosus extract on anti-SRBC antibody titers (log2, mean * SEM, n =12).

Sampling time Control 100 mg/kg 300 mg/kg 600 mg/kg

Day 0 (pre-immunization) 2.2+0.2 2.3+x0.2 2.2+0.2 2.3+0.2
Day 7 (IgM response) 6.8+0.3 7.9%0.3* 8.7+0.3* 9.4+0.3*
Day 14 (IgG response) 8.1%£0.3 9.5%0.4* 10.4+0.3* 11.2+0.3*

Discussion

The present study demonstrated a clear dose-related improvementingrowth performance and feed utilization in male rabbits
receiving Costus speciosus extract. Treated rabbits showed higher final body weight, total and daily weight gain, together with
progressively improved feed conversion ratio. These findings are consistent with evidence that phytogenic feed additives can
enhance productive performance and feed efficiency in rabbits, although responses may vary according to plant species,
phytochemicalcomposition, dose, and extraction method [54]. The improved feed conversionobserved with increasing extract
doseis particularly relevant because itindicates more efficient utilization of dietary nutrients. The response may be associated
with the diverse phytochemical constituents of C. speciosus, including steroidal saponins, diosgenin-related compounds,
flavonoids, phenolics, and terpenoids, which have been reported to possess several biological activities [55]. However, the
specific mechanisms responsible for the observed growth response cannot be confirmed because nutrient digestibility,
intestinal microbiota, and metabolic pathways were not evaluated. The extract also significantly enhanced the humoral
immune response following SRBC immunization.

Anti-SRBC antibody titers were comparable among groups before immunization but increased significantly in treated rabbits
on days 7 and 14, with the highest responses recorded at 600 mg/kg. This patternindicates a dose-related enhancement of
antigen-specific antibody production and agrees with previous evidence that phytogenic additives can modulate immune
responses in livestock [56]. The immunomodulatory effects of C. speciosus may be related to its steroidal and phenolic
constituents, particularly diosgenin and flavonoids, which have beenassociated with modulation of inflammatory and cellular
signaling pathways [57]. Nevertheless, these mechanisms remain hypothetical in the present study because cytokines,
immune-cell populations, and antioxidant biomarkers were not measured. Overall, the concurrent improvement in growth
performance, feed efficiency, and humoralimmune response suggests that C. speciosus extract has potential as a botanical
feed additive in rabbit production and warrants further investigation.

Conclusion

Oral supplementation with Costus speciosus extract produced dose-related improvements in growth performance, feed
utilization, and anti-SRBC antibody responsesin male rabbits. The 600 mg/kg dose showed the highest values for body weight
gain and humoral antibody response and the lowest feed conversion ratio under the conditions of the present study. These
findings suggest that C. speciosusrepresentsapromisingbotanicalcandidate for furtherinvestigationasanaturalfeed additive
in rabbit production. Future studies should characterize its active phytochemicals and clarify the nutritional, antioxidant,
intestinal, and molecular mechanisms underlying its productive and immunomodulatory effects.
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