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Summary 

Amalyadi, R., 2026. Anthocyanin-rich Clitoria ternatea supplementation modulates oxida-

tive stress biomarkers, exercise-induced inflammation, and gut microbiota dynamics in 

Sumbawa racehorses. Bulg. J. Vet. Med. (online first). 
 

High-intensity training in racehorses can induce oxidative stress, inflammation, and alterations in gut 

microbiota, potentially impairing athletic performance and recovery. This study evaluated the effects 

of anthocyanin-rich Clitoria ternatea supplementation on oxidative status, inflammatory responses, 

gut microbiome composition, and exercise performance in Sumbawa racehorses. Twenty-four healthy 

male horses were randomly assigned to four groups: a control group and three treatment groups re-

ceiving 100, 200, or 300 mg anthocyanins/kg body weight/day for 12 weeks. Supplementation signif-

icantly reduced malondialdehyde levels and improved antioxidant enzyme activities and total antioxi-

dant capacity. Concentrations of TNF-α, IL-6, and C-reactive protein decreased, whereas IL-10 in-

creased, indicating attenuated exercise-induced inflammation. Microbiome analysis revealed en-

hanced diversity indices, increased abundance of beneficial Lactobacillus and Ruminococcus, and 

reduced Clostridium spp. Horses receiving supplementation also showed greater exercise tolerance, 

lower blood lactate accumulation, and faster cardiovascular and respiratory recovery. 

Key words: butterfly pea anthocyanins, equine oxidative physiology, exercise immuno-

modulation, microbial ecosystem resilience, phytogenic racehorse nutrition 

 

Racehorses are exposed to substantial 

physiological challenges due to repeated 

high-intensity exercise, which can induce 

excessive production of reactive oxygen 

species (ROS) and disrupt the balance 

between pro-oxidant and antioxidant sys-

tems. During strenuous physical activity, 

elevated oxygen consumption by skeletal 

muscles enhances mitochondrial electron 

leakage and free radical generation, result-

ing in oxidative stress, lipid peroxidation, 

cellular damage, and inflammatory re-

sponses (Kacprzyk et al., 2026). In equine 

athletes, exercise-induced oxidative stress 

has been recognised as a major factor in-

fluencing recovery, athletic performance, 
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immune function, and overall health sta-

tus. Oxidative stress is characterised by 

increased concentrations of lipid peroxi-

dation products such as malondialdehyde 

(MDA) and thiobarbituric acid reactive 

substances (TBARS), accompanied by al-

terations in endogenous antioxidant de-

fenses including superoxide dismutase 

(SOD), glutathione peroxidase (GPx), 

catalase (CAT), and total antioxidant 

capacity (TAOC) (Kacprzyk et al., 2026).  

Prolonged oxidative imbalance may 

contribute to muscle fatigue, delayed re-

covery, tissue injury, and reduced exercise 

performance in racehorses. Consequently, 

nutritional strategies capable of enhancing 

antioxidant defenses have become an im-

portant focus in equine sports medicine 

and veterinary nutrition. Recently, phyto-

genic feed additives have gained consid-

erable attention as natural alternatives for 

improving animal health and physiologi-

cal resilience. Plant-derived bioactive 

compounds possess antioxidant, anti-

inflammatory, antimicrobial, and immuno-

modulatory properties that may support 

animal performance while reducing reli-

ance on synthetic additives (Martinez et 

al., 2022). Among these phytogenic re-

sources, butterfly pea (Clitoria ternatea) 

has emerged as a promising functional 

plant due to its exceptionally high antho-

cyanin content and diverse biological ac-

tivities (Vidana Gamage et al., 2021). C. 

ternatea is a tropical leguminous plant 

widely distributed throughout Southeast 

Asia, including Indonesia. The flower 

contains abundant polyacylated anthocya-

nins known as ternatins, which are respon-

sible for its characteristic blue pigmenta-

tion and strong antioxidant activity 

(Vidana Gamage et al., 2021). In addition 

to anthocyanins, the flower contains fla-

vonoids, phenolic acids, alkaloids, and 

bioactive peptides that exhibit free radi-

cal scavenging capacity and anti-inflam-

matory effects (Multisona et al., 2023).  

Recent studies have demonstrated that 

anthocyanin-rich extracts of C. ternatea 

possess significant antioxidant potential, 

reducing power, antibacterial activity, and 

biological safety, supporting their applica-

tion as functional feed ingredients and 

nutraceutical supplements (Gonçalves et 

al., 2024). Anthocyanins have been exten-

sively investigated for their ability to mit-

igate oxidative damage through modula-

tion of antioxidant enzyme systems and 

inflammatory pathways. These com-

pounds can neutralise reactive oxygen 

species, inhibit lipid peroxidation, and 

regulate signaling pathways associated 

with inflammation and immune responses. 

Previous studies have shown that dietary 

anthocyanins may reduce the expression 

of pro-inflammatory cytokines such as 

tumor necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6), while enhancing an-

tioxidant enzyme activity (Mehmood et 

al., 2019; Vidana Gamage et al., 2021; 

Santosa, 2023). Such biological properties 

suggest that C. ternatea supplementation 

may provide protective effects against 

exercise-induced physiological stress in 

equine athletes. Beyond systemic antioxi-

dant activity, growing evidence indicate 

that phytogenic compounds can influence 

gastrointestinal microbial communities. 

The equine gastrointestinal tract harbours 

a highly specialised microbial ecosystem 

that plays a crucial role in fibre degrada-

tion, nutrient utilisation, immune regula-

tion, and metabolic homeostasis (Wunder-

lich et al., 2023). Alterations in gut 

microbiota composition have been associ-

ated with exercise performance, gastroin-

testinal disorders, inflammation, and re-

covery capacity in horses. Nutritional 

interventions capable of promoting bene-

ficial microbial populations may therefore 
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contribute to improved equine health and 

athletic function. Emerging research sug-

gests that polyphenols and anthocyanins 

can act as microbiota-modulating com-

pounds by selectively stimulating benefi-

cial bacteria while suppressing pathogenic 

microorganisms. These interactions gen-

erate microbial metabolites, including 

short-chain fatty acids, that influence im-

mune function, intestinal integrity, and 

systemic metabolism. Consequently, the 

relationship between phytogenic bioactive 

compounds, gut microbiota dynamics, and 

exercise physiology has become an impor-

tant research frontier in veterinary integra-

tive science. 

The Sumbawa racehorse represents a 

culturally and economically valuable 

equine genetic resource in Indonesia. Re-

nowned for its endurance, speed, and ad-

aptation to tropical environments, this 

indigenous racehorse population plays an 

important role in local racing traditions 

and regional livestock development. De-

spite its significance, scientific investiga-

tions regarding nutritional interventions, 

oxidative stress physiology, inflammatory 

responses, and gut microbiota modulation 

in Sumbawa racehorses remain extremely 

limited. To date, no study has comprehen-

sively evaluated the effects of anthocya-

nin-rich  C. ternatea supplementation on 

oxidative stress biomarkers, exercise-

induced inflammation, and gut microbial 

dynamics in this unique equine popula-

tion. Therefore, this study aimed to inves-

tigate the effects of anthocyanin-rich C. 

ternatea flower supplementation on oxi-

dative stress biomarkers, inflammatory 

responses, and gut microbiota composi-

tion in Sumbawa racehorses subjected to 

exercise. It was hypothesised that dietary 

C. ternatea supplementation would en-

hance antioxidant capacity, attenuate ex-

ercise-induced inflammatory responses, 

and promote favoirable shifts in gut mi-

crobial communities, ultimately support-

ing physiological adaptation and athletic 

performance in equine athletes. 

All experimental procedures involving 

animals were conducted in accordance 

with international guidelines for animal 

welfare and approved by the Animal Eth-

ics Committee of Sumbawa University of 

Technology, Indonesia (Approval No. 

0324/UST/EC/2026). Animal handling, 

sampling procedures, and exercise proto-

cols were performed under veterinary su-

pervision to minimise stress and ensure 

animal well-being throughout the study. 

The experiment was conducted at a 

professional racehorse training center in 

Sumbawa Regency, West Nusa Tenggara, 

Indonesia, over a 12-week period from 

February to April 2026. This period cor-

responded to the complete duration of 

dietary supplementation and standardised 

exercise evaluations conducted at base-

line, week 6, and week 12. Throughout 

the experimental period, all horses were 

maintained under identical management, 

feeding, and training conditions to mini-

mise environmental variation. Twenty-

four clinically healthy male Sumbawa 

racehorses, aged 3–5 years and weighing 

between 250 and 320 kg, were selected 

for the study. Before the commencement 

of the trial, all horses were subjected to 

thorough clinical evaluations, including 

physical examinations, haematological 

analyses, and faecal parasitological as-

sessments. Only animals exhibiting nor-

mal health status and free from infectious 

diseases were considered eligible for in-

clusion. Throughout the study, all horses 

were managed under standardised hus-

bandry conditions and accommodated 

individually in well-ventilated stalls. The 

basal diet consisted of native grass hay 

and a commercial concentrate ration for-
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mulated to meet the nutritional require-

ments of athletic horses in accordance 

with National Research Council recom-

mendations (Lawrence, 2022). Fresh drin-

king water was made available ad libitum 

during the entire experimental period. 

Fresh Clitoria ternatea flowers were 

harvested from locally cultivated areas in 

Sumbawa and subsequently authenticated 

by a plant taxonomist from the Faculty of 

Agricultural Sciences. The collected flow-

ers were thoroughly cleaned, dried under 

shaded conditions at 40 °C, and ground 

into a fine powder. An anthocyanin-rich 

extract was then prepared using 70% 

aqueous ethanol as extraction solvent, 

following the procedure reported by Vi-

dana Gamage et al. (2021) with slight 

modifications. The resulting extract was 

concentrated using a rotary evaporator 

and preserved at −20 °C until further 

analysis and use. Total anthocyanin con-

tent was quantified using the pH differen-

tial method and expressed as cyanidin-3-

glucoside equivalents according to the 

procedure described by Dupeyrón et al. 

(2017). In addition, total phenolic content 

was determined using the Folin-Ciocalteu 

assay, whereas antioxidant capacity was 

assessed through the DPPH free radical 

scavenging method. 

Prior to animal supplementation, the 

extract was subjected to phytochemical 

characterisation (Table 1). Extraction 

yield was calculated as the percentage of 

dry extract obtained from dried flower 

material. Total anthocyanin content was 

quantified using the pH differential meth-

od and expressed as cyanidin-3-glucoside 

equivalents (mg C3G/g extract). Total 

phenolic content was determined using the 

Folin-Ciocalteu assay and expressed as 

gallic acid equivalents (mg GAE/g ex-

tract). Antioxidant activity was evaluated 

using the DPPH radical scavenging assay 

and IC50 values were calculated. Where 

available, chromatographic assay of an-

thocyanin constituents was performed 

using HPLC to identify major ternatin 

derivatives. 

A completely randomised design was 

employed for this study. Horses were ran-

domly assigned into four treatment groups 

(n=6 per group; Table 2). The dosage le-

Table 1. Phytochemical characterisation of Clitoria ternatea extract 

Parameter Value 

Total anthocyanins 52 mg C3G/g extract 

Total phenolics 185 mg GAE/g extract 

DPPH inhibition 85% 

IC50 DPPH 48 µg/mL 

Major anthocyanins Ternatin A1, A2, B1, B2 

Note: C3G = cyanidin-3-glucoside equivalents; GAE = gallic acid equivalents; IC50 = concentration 

required to inhibit 50% of DPPH radicals. 

Table 2. Experimental treatments 

Treatment Supplementation level 

CON Basal diet without supplementation 

CT100 Basal diet + 100 mg anthocyanin extract/kg BW/day 

CT200 Basal diet + 200 mg anthocyanin extract/kg BW/day 

CT300 Basal diet + 300 mg anthocyanin extract/kg BW/day 

Note: Supplementation was administered orally once daily for 12 consecutive weeks. 
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vels were adapted from previous studies on 

anthocyanin-rich phytogenic supplements 

in livestock and equine nutrition (Ferreira 

et al., 2023; Multisona et al., 2023). 

To induce physiological exercise 

stress, all horses participated in a stand-

ardised treadmill exercise test adapted 

from contemporary equine sports physi-

ology protocols (Kacprzyk et al., 2026). 

The protocol consisted of warm-up phase: 

10 min walking (2.0 m/s), trotting phase: 

10 min (4.5 m/s), galloping phase: 8 min 

(8.0–10.0 m/s), and recovery phase: 20 

min walking. Exercise testing was con-

ducted at baseline, week 6, and week 12. 

Heart rate, respiratory rate, rectal tem-

perature, and recovery time were recorded 

before and after exercise.  

Blood samples were collected from the 

jugular vein at three sampling points be-

fore exercise (Pre-EX), immediately after 

exercise (Post-EX), and 24 h after exer-

cise recovery (REC). Samples were 

placed into EDTA and serum tubes for 

haematological and biochemical analyses. 

Serum was separated by centrifugation at 

3,000 rpm for 15 min and stored at −80 

°C until laboratory analysis. 

Oxidative stress status was evaluated 

using validated biochemical assays com-

monly applied in equine exercise studies 

(Kacprzyk et al., 2026). The following 

parameters were measured malondial-

dehyde (MDA), superoxide dismutase 

(SOD), glutathione peroxidase (GPx), 

catalase (CAT), and total antioxidant ca-

pacity (TAC). MDA concentration was 

quantified using thiobarbituric acid reac-

tive substances (TBARS) assays. Enzy-

matic antioxidant activities were deter-

mined using commercial ELISA kits ac-

cording to manufacturer’s instructions. 

Serum inflammatory markers – tumor 

necrosis factor-alpha (TNF-α), interleu-

kin-6 (IL-6), interleukin-10 (IL-10), and 

C-reactive protein (CRP) were quantified 

to evaluate physiological responses to 

exercise stress. Commercial equine-speci-

fic ELISA kits were used following 

standardised protocols (Danışan et al., 

2023; Ropka-Molik et al., 2019; Witkow-

ska-Piłaszewicz et al., 2021). 

Fresh faecal samples were collected 

directly from the rectum at weeks 0 and 

12 using sterile gloves. Samples were im-

mediately transferred into sterile cryovials 

and stored at −80 °C prior to analysis. 

Microbial DNA was extracted using the 

QIAamp Fast DNA Stool Mini Kit 

(Qiagen, Germany). Amplification of the 

V3–V4 hypervariable region of the bacte-

rial 16S rRNA gene was performed using 

universal primers 341F and 806R. Se-

quencing libraries were prepared accord-

ing to Illumina MiSeq protocols. Bioinfor-

matic analyses were conducted using 

QIIME2 software. Alpha diversity indices 

(Shannon, Chao1, Simpson) and beta di-

versity analyses were calculated to evalu-

ate microbial community structure 

(Bolyen et al., 2019). Relative abundance 

of dominant bacterial taxa at phylum and 

genus levels was also determined. 

Athletic performance was evaluated 

using standardised physiological and ex-

ercise indicators commonly applied in 

equine exercise physiology. Running en-

durance time (min) was defined as the 

total duration each horse completed the 

treadmill exercise protocol before reach-

ing the predetermined fatigue endpoint. 

Recovery heart rate (beats/min), respirato-

ry rate (breaths/min), and rectal body tem-

perature (°C) were measured after the 20-

minute recovery period using validated 

veterinary instruments. Blood lactate con-

centration (mmol/L) was determined im-

mediately after exercise from jugular 

blood samples using a portable lactate 

analyzer (Lactate Pro 2, Arkray Inc., Ja-
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pan). Improved athletic performance and 

recovery capacity were indicated by long-

er endurance time accompanied by lower 

recovery heart rate, respiratory rate, body 

temperature, and blood lactate concentra-

tion. 

Raw sequencing reads were processed 

using the QIIME 2 pipeline (Bolyen et al., 

2019). Alpha diversity indices, including 

Shannon, Simpson, and Chao1 metrics, 

were calculated to evaluate within-sample 

microbial diversity. Beta diversity was 

assessed using Bray-Curtis dissimilarity 

matrices and visualised through principal 

coordinates analysis (PCoA). Statistical 

differences in microbial community struc-

ture among treatment groups were evalua-

ted using permutational multivariate anal-

ysis of variance (PERMANOVA) with 

999 permutations. Taxonomic differences 

among groups were determined at the 

phylum and genus levels. Pearson correla-

tion analysis was used to assess associa-

tions among microbial diversity, oxidative 

stress biomarkers, and exercise perfor-

mance parameters. Statistical significance 

was declared at P<0.05. 

The phytochemical characteristics of 

the Clitoria ternatea extract (Table 1) 

demonstrated high concentrations of total 

anthocyanins (52 mg C3G/g extract) and 

total phenolics (185 mg GAE/g extract), 

together with strong antioxidant activity 

(85% DPPH scavenging; IC50=48 µg/mL). 

Ternatin derivatives (A1, A2, B1, and B2) 

were the predominant anthocyanins, con-

firming the extract as a rich source of bio-

active compounds. These findings agree 

with previous reports describing the po-

tent antioxidant properties of C. ternatea 

anthocyanins and phenolics (Mehmood et 

al., 2019; Vidana Gamage et al., 2021). 

These compounds scavenge reactive oxy-

gen species, inhibit lipid peroxidation, and 

modulate inflammatory pathways while 

enhancing endogenous antioxidant de-

fenses (Gonçalves et al., 2024). Conse-

quently, the extract provides a mechanistic 

basis for the observed improvements in 

oxidative status, inflammation, gut micro-

biota, and exercise performance in sup-

plemented Sumbawa racehorses (Garcia et 

al., 2022). 

Exercise-induced oxidative stress is a 

major physiological challenge in athletic 

horses because intense muscular activity 

markedly increases oxygen consumption, 

resulting in excessive ROS production and 

oxidative damage to lipids, proteins, and 

cellular membranes (Kacprzyk et al., 

2026). In the present study, anthocyanin-

rich C. ternatea supplementation signifi-

cantly improved oxidative stress parame-

ters in Sumbawa racehorses (Table 3). 

Although the strongest antioxidant re-

sponses occurred in CT200 and CT300, 

Table 3. Effects of C. ternatea supplementation at 100, 200, and 300 mg anthocyanin extract/kg 

BW/day on oxidative stress biomarkers in horses after 12 weeks of supplementation (n=6 per group) 

Parameter CON CT100 CT200 CT300 SEM P-value 

MDA (nmol/mL) 8.74ᵃ 7.12ᵇ 5.91ᶜ 4.83ᵈ 0.22 <0.001 

SOD (U/mL) 85.6ᶜ 97.4ᵇ 112.8ᵃ 118.5ᵃ 2.31 <0.001 

GPx (U/L) 268.7ᶜ 291.3ᵇ 327.5ᵃ 339.4ᵃ 5.92 <0.001 

CAT (U/mL) 42.5ᶜ 47.8ᵇ 55.3ᵃ 57.1ᵃ 1.12 <0.001 

TAC (mmol/L) 1.84ᶜ 2.15ᵇ 2.63ᵃ 2.71ᵃ 0.08 <0.001 

Note: Means within the same row with different superscripts differ significantly (P<0.05). 

MDA=malondialdehyde; SOD=superoxide dismutase; GPx=glutathione peroxidase; CAT=catalase; 

TAC= total antioxidant capacity. 
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the CT100 group also showed significant 

reductions in MDA and increases in SOD, 

GPx, CAT, and total antioxidant capacity, 

demonstrating biological efficacy at the 

lowest dose and a clear dose-dependent 

antioxidant response. 

A marked reduction in MDA concen-

tration was observed in supplemented 

horses, particularly in CT300, where 

MDA decreased by approximately 44.7% 

compared with the control group, accom-

panied by significant increases in SOD, 

GPx, CAT, and TAC, indicating enhanced 

endogenous antioxidant defenses. Similar 

findings were reported by Vidana Gamage 

et al. (2021), who demonstrated the strong 

radical-scavenging activity of ternatin an-

thocyanins. Anthocyanins neutralise reac-

tive oxygen species through electron do-

nation, thereby reducing lipid peroxida-

tion. Furthermore, increased SOD and 

GPx activities may suggest involvement 

of antioxidant defence pathways (Gonçal-

ves et al., 2024). These mechanisms may 

contribute to the pronounced antioxidant 

improvements observed in supplemented 

horses. 

The progressive decline in MDA con-

centrations demonstrates a dose-depen-

dent antioxidant effect of C. ternatea. 

This response is particularly relevant be-

cause elevated MDA levels are strongly 

associated with muscle fatigue and de-

layed post-exercise recovery in equine 

athletes (Witkowska-Piłaszewicz et al., 

2021). Moreover, anthocyanins can che-

late transition metals such as iron and 

copper that catalyse oxidative reactions 

through Fenton chemistry, thereby reduc-

ing ROS generation at the cellular level 

(Multisona et al., 2023). Such mecha-

nisms may explain the pronounced antiox-

idant improvements observed in supple-

mented horses. 

Intense exercise can induce transient 

systemic inflammation characterised by 

elevated cytokine production and acute-

phase protein responses. Therefore, in-

flammatory biomarkers were evaluated to 

determine whether anthocyanin supple-

mentation could attenuate exercise-indu-

ced physiological stress (Table 4). Sup-

plemented horses exhibited significantly 

lower TNF-α, IL-6, and CRP concentra-

tions, whereas IL-10 increased markedly, 

indicating improved regulation of exer-

cise-induced inflammation. Excessive cy-

tokine release during exercise can impair 

recovery and muscle function (Witkow-

ska-Piłaszewicz et al., 2021). Anthocya-

nins may attenuate inflammatory respons-

es through inhibition of the NF-κB signal-

ling pathway, thereby reducing TNF-α and 

IL-6 transcription (Mehmood et al., 2019; 

Santosa, 2023). Comparable anti-inflam-

matory effects have been reported in live-

Table 4. Effects of Clitoria ternatea supplementation at 100, 200, and 300 mg anthocyanin ex-

tract/kg BW/day on inflammatory biomarkers in horses after 12 weeks of supplementation (n=6 per 

group) 

Parameter CON CT100 CT200 CT300 SEM P-value 

TNF-α (pg/mL) 36.8ᵃ 31.2ᵇ 27.5ᶜ 24.9ᶜ 1.01 <0.001 

IL-6 (pg/mL) 42.4ᵃ 36.9ᵇ 31.1ᶜ 28.7ᶜ 1.33 <0.001 

CRP (mg/L) 8.73ᵃ 7.22ᵇ 5.94ᶜ 5.11ᶜ 0.29 <0.001 

IL-10 (pg/mL) 11.2ᶜ 14.5ᵇ 17.9ᵃ 18.6ᵃ 0.61 <0.001 

Note: Means with different superscripts differ significantly (P<0.05). TNF-α = tumor necrosis factor-

alpha; IL-6=interleukin-6; IL-10=interleukin-10; CRP=C-reactive protein. 
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stock receiving flavonoid-rich botanical 

supplements (Valenzuela et al., 2019; 

Martinez et al., 2022).  

These findings collectively suggest 

that C. ternatea supplementation not only 

improved antioxidant status but also ex-

erted immunomodulatory effects that may 

support recovery processes in racehorses 

(Tiwari et al., 2018). Recent evidence 

indicates that gut microbiota strongly in-

fluence athletic performance, nutrient uti-

lization, immunity, and metabolic adapta-

tion (Stucchi et al., 2025; Wunderlich et 

al., 2023). Therefore, microbial alpha 

diversity was evaluated to determine the 

effects of anthocyanin-rich Clitoria terna-

tea supplementation on intestinal ecology 

(O’Hara et al., 2020). As shown in Table 

5, supplementation significantly increased 

microbial richness and diversity, particu-

larly in the CT200 and CT300 groups, 

suggesting prebiotic-like effects of antho-

cyanins. The CT100 group also showed 

moderate improvements in Shannon di-

versity and beneficial genera, including 

Lactobacillus and Ruminococcus, indicat-

ing that even low supplementation levels 

positively modulated the gut microbial 

community. 

Microbial diversity increased signifi-

cantly following anthocyanin supplemen-

tation, with greater alpha diversity indicat-

ing improved intestinal stability and resil-

ience against dysbiosis (Williams, 2016; 

Bolyen et al., 2019;). The enhanced rich-

ness observed in CT200 and CT300 sug-

gests that anthocyanin-rich phytochemi-

cals exerted microbiota-modulating ef-

fects. Consistent with the relationship be-

tween gut microbial composition, energy 

metabolism, and athletic performance, 

Table 6 shows increased abundances of 

beneficial genera, including Lactobacillus 

and Ruminococcus, alongside reduced 

Clostridium spp. These microbial shifts 

may improve digestive efficiency, immune 

regulation, and physiological resilience 

during exercise, supporting athletic per-

Table 5.  Effects of Clitoria ternatea supplementation at 100, 200, and 300 mg anthocyanin ex-

tract/kg BW/day on faecal microbiota alpha diversity in horses after 12 weeks of supplementation 

(n=6 per group) 

Parameter CON CT100 CT200 CT300 SEM P-value 

Shannon index 4.21ᶜ 4.68ᵇ 5.11ᵃ 5.24ᵃ 0.09 <0.001 

Chao1 615ᶜ 671ᵇ 742ᵃ 758ᵃ 12.5 <0.001 

Simpson index 0.81ᶜ 0.86ᵇ 0.91ᵃ 0.92ᵃ 0.01 <0.001 

Note: Means with different superscripts differ significantly (P<0.05). 

Table 6. Relative abundance of dominant bacterial taxa (%) in horses after 12 weeks of Clitoria 

ternatea supplementation at 100, 200, and 300 mg anthocyanin extract/kg BW/day (n=6 per group) 

Taxa CON CT100 CT200 CT300 SEM P-value 

Firmicutes 52.1 53.4 55.7 56.9 1.13 0.041 

Bacteroidetes 28.5 29.8 31.4 32.1 0.92 0.036 

Lactobacillus   6.4ᶜ   8.7ᵇ 11.8ᵃ 12.6ᵃ 0.41 <0.001 

Ruminococcus   7.2ᶜ   9.1ᵇ 11.3ᵃ 12.4ᵃ 0.39 <0.001 

Clostridium spp.   9.7ᵃ   8.5ᵇ   6.8ᶜ   5.9ᶜ 0.33 <0.001 

Note: Means with different superscripts differ significantly (P<0.05). 
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formance in Sumbawa racehorses (Janabi, 

2016; Garcia et al., 2025). 

Supplemented horses exhibited in-

creased abundances of beneficial bacterial 

genera, particularly Lactobacillus and 

Ruminococcus. Polyphenols function as 

prebiotic-like substrates that selectively 

stimulate beneficial microbial populations 

(Markowiak-Kopeć & Śliżewska, 2020; 

Kaur et al., 2023). Greater Ruminococcus 

abundance may enhance fiber degradation 

and volatile fatty acid production, thereby 

improving energy utilisation, whereas 

reduced Clostridium spp. indicate im-

proved microbial balance. To evaluate 

overall community structure, beta diver-

sity was analyzed using Principal Coordi-

nate Analysis (PCoA) based on Bray-

Curtis dissimilarity. As shown in Fig. 1, 

distinct clustering between control and 

supplemented groups demonstrated that 

anthocyanin-rich C. ternatea substantially 

altered fecal microbiota composition. 

 Distinct clustering patterns between 

control and supplemented groups demon-

strate substantial microbial community 

shifts induced by anthocyanin supplemen-

tation. Anthocyanin-rich C. ternatea sup-

plementation significantly improved exer-

cise performance and recovery in Sumba-

wa racehorses (Table 7). Supplemented 

horses exhibited longer endurance times, 

lower recovery heart and respiratory rates, 

reduced blood lactate concentrations, and 

progressively lower post-exercise rectal 

body temperatures than the control group 

 

Fig. 1. Principal coordinates analysis (PCoA) of faecal microbiota community composition in horses 

after 12 weeks of Clitoria ternatea supplementation at 100, 200, and 300 mg anthocyanin extract/kg 

BW/day. The PCoA was based on Bray–Curtis dissimilarity distances, with each point representing 

an individual horse and treatment groups indicated by distinct symbols.  

 

Table 7. Performance and recovery parameters in horses after 12 weeks of Clitoria ternatea supple-

mentation at 100, 200, and 300 mg anthocyanin extract/kg BW/day (n=6 per group) 

Parameter CON CT100 CT200 CT300 SEM P-value 

Endurance time (min) 16.8ᶜ 18.2ᵇ 20.4ᵃ 21.1ᵃ 0.47 <0.001 

Recovery heart rate (beats/min) 84.3ᵃ 77.1ᵇ 71.4ᶜ 69.8ᶜ 1.25 <0.001 

Recovery respiratory rate (breaths/min) 31.8ᵃ 28.9ᵇ 25.4ᶜ 24.7ᶜ 0.88 <0.001 

Blood lactate (mmol/L)   9.12ᵃ   7.83ᵇ   6.41ᶜ   5.98ᶜ 0.21 <0.001 

Recovery body temperature (°C) 39.12a 38.84b 38.41c 38.18c 0.09 <0.001 

Note: Means with different superscripts differ significantly (P<0.05). 
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(P<0.001). Although the CT200 and 

CT300 groups demonstrated the greatest 

responses, the CT100 group also showed 

measurable improvements, indicating that 

even low-dose supplementation enhanced 

recovery and reduced exercise-induced 

physiological stress.  

Reduced post-exercise hyperthermia 

further suggests improved thermoregula-

tion, consistent with the attenuation of 

oxidative stress and inflammatory re-

sponses following strenuous exercise. 

These findings are consistent with previ-

ous reports of improved exercise adapta-

tion following nutritional interventions in 

racehorses (Kacprzyk et al., 2026). Corre-

lation analysis showed that microbial di-

versity was positively associated with total 

antioxidant capacity (r=0.81, P<0.001), 

whereas MDA was negatively correlated 

with endurance time (r= −0.77, P<0.001), 

supporting an association between gut 

microbial diversity, antioxidant status, and 

exercise physiology (Mach et al., 2017; 

Willette et al., 2021). Collectively, these 

findings demonstrate that anthocyanin-rich 

C. ternatea supplementation improved an-

tioxidant status, immune regulation, gut 

microbiota composition, and athletic per-

formance in Sumbawa racehorses. 

Several limitations should be ack-

nowledged. First, the antioxidant and anti-

inflammatory mechanisms were inferred 

from physiological biomarkers without 

molecular confirmation. Future studies 

should evaluate genes such as Nrf2, NF-

κB, and cytokine signaling pathways. Se-

cond, only healthy male Sumbawa race-

horses were included, limiting generalisa-

tion to females, other breeds, or different 

physiological conditions. Third, the 12-

week supplementation period assessed 

only short-term effects and not long-term 

safety or racing performance. Finally, gut 

microbiota analysis was limited to 16S 

rRNA sequencing. Future studies should 

integrate metagenomics, metabolomics, 

short-chain fatty acid profiling, and host 

molecular analyses to clarify gut-immune-

antioxidant interactions. 

CONCLUSIONS 

Dietary supplementation with anthocya-

nin-rich Clitoria ternatea improved physi-

ological adaptation in Sumbawa racehors-

es in a dose-dependent manner by reduc-

ing oxidative stress, attenuating exercise-

induced inflammation, favourably modu-

lating gut microbiota composition, and 

enhancing exercise performance and re-

covery. Although supplementation with 

200 mg and 300 mg anthocyanin ex-

tract/kg BW/day consistently produced 

the greatest physiological responses, the 

100 mg dose also resulted in significant 

improvements compared with the control 

group, indicating that even the lowest 

supplementation level provided measura-

ble antioxidant, anti-inflammatory, and 

microbiota-modulating benefits. These 

findings support the potential application 

of C. ternatea as a natural phytogenic 

supplement for improving exercise resili-

ence and metabolic health in tropical 

racehorses. 
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