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Highlights 
 

• Different levels of Brachiaria decumbens diets were proven to affect the production 

performances of sheep. 

 

• Sheep fed with 60% of B. decumbens diet demonstrated the poorest nutrient apparent 

digestibility, growth performance, body measurement, and growth hormone among 

treatment sheep. 

 

• Sheep fed with 10% of B. decumbens diet showed no to minimal effects as compared 

to the control sheep throughout the study period. 

 

• Digestibility, growth performance, body measurement, and hormone of sheep fed with 

different levels of Brachiaria decumbens diets 
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Abstract. Limited data is available on the effects of different amounts of Brachiaria 

decumbens on the growth performances of sheep at different periods. Therefore, this current 

study focused on the nutrient apparent digestibility, feed efficiency, body index, and growth 

hormone of sheep fed with low and high levels of B. decumbens diets. A total of 30 6-month-

old male Dorper cross sheep were divided randomly into 3 treatment groups with 10 sheep 

per treatment. Treatment 1 (control) sheep were fed with Pennisetum purpureum and pellet 

as the basal diet, whereas treatments 2 and 3 sheep were fed with feed mixed with low (10%) 

and high (60%) levels of B. decumbens respectively. This study was conducted in two phases 

consisted of the short (7 days) and long (90 days) term feeding. Throughout the experiment, 

daily fecal voided were collected in the morning for 7 days continuous before the end of each 

feeding phases for the determination of nutrient apparent digestibility. The amount of feed 

offered and refusals plus body weight gain were recorded daily to determine the feed efficiency 

(FE). Besides, the body measurements of each sheep from every treatment were measured 

weekly and blood samples were collected for the analysis of growth hormone (GH) 

concentration. There were significant differences (p < 0.05) in the nutrient apparent 

digestibility, growth performance, body measurement, and GH concentration among treatment 

sheep throughout the study period. Treatment 3 sheep fed with 60% of B. decumbens diet 

revealed the lowest dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), and 

acid detergent fiber (ADF) digestibility during the long term feeding. Likewise, T3 sheep had 

the lowest total bodyweight gain, average daily gain, total feed intake, and daily feed intake 

among treatment sheep. The heart girth index (HGI) of T3 sheep was also significantly lower 

during the short term feeding. Moreover, the GH concentration of T3 sheep was significantly 

lower as compared to the control that decreases steadily throughout the study period. In 

conclusion, high levels of B. decumbens showed the most significant results out of all three 

treatments indicating the presence of saponins did produce negative effects on the sheep’s 

overall performance. 
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Abstrak. Data tersedia mengenai kesan jumlah Brachiaria decumbens yang berbeza 

terhadap prestasi pertumbuhan biri-biri pada tempoh masa yang berbeza adalah terhad. Oleh 

itu, kajian semasa ini memberi tumpuan kepada kebolehcernaan ketara nutrien, kecekapan 

makanan, indeks badan, dan hormon pertumbuhan bebiri yang diberi makan dengan diet B. 

decumbens pada tahap rendah dan tinggi. Sebanyak 30 ekor bebiri Dorper jantan berumur 6 

bulan dibahagikan secara rawak kepada 3 kumpulan rawatan dengan 10 ekor bebiri setiap 

kumpulan. Rawatan 1 (kawalan) bebiri diberi makan dengan Pennisetum purpureum dan pelet 

sebagai diet asas, manakala bebiri Rawatan 2 dan 3 masing-masing diberi makan dengan 

campuran B. decumbens pada tahap rendah (10%) dan tinggi (60%). Kajian ini dijalankan 

dalam dua fasa yang terdiri daripada pemakanan jangka pendek (7 hari) dan panjang (90 

hari). Sepanjang eksperimen, najis harian yang dibuang dikumpulkan pada waktu pagi selama 

7 hari berterusan sebelum tamat setiap fasa pemakanan untuk menentukan kebolehcernaan 

ketara nutrien. Jumlah makanan yang diberi, sisa makanan, dan penambahan berat badan 

direkodkan setiap hari untuk menentukan kecekapan makanan (FE). Selain itu, ukuran badan 

setiap bebiri daripada setiap rawatan diukur setiap minggu serta sampel darah diambil untuk 

analisis kepekatan hormon pertumbuhan (GH). Terdapat perbezaan yang signifikan (p < 0.05) 

dalam kebolehcernaan ketara nutrien, prestasi pertumbuhan, ukuran badan, dan kepekatan 

GH di kalangan bebiri rawatan sepanjang tempoh kajian. Bebiri rawatan 3 (T3) yang diberi 

makan dengan 60% diet B. decumbens menunjukkan kebolehcernaan bahan kering (DM), 

protein kasar (CP), gentian detergen neutral (NDF), dan gentian detergen asid (ADF) yang 

paling rendah semasa pemberian makanan jangka panjang. Bebiri T3 mempunyai jumlah 

penambahan berat badan, purata kenaikan harian, jumlah pengambilan makanan, dan 

pengambilan makanan harian yang paling rendah di kalangan bebiri rawatan. Indeks lilitan 

jantung (HGI) bebiri T3 juga jauh lebih rendah semasa pemberian makanan jangka pendek. 

Selain itu, kepekatan GH bebiri T3 adalah jauh lebih rendah berbanding dengan bebiri 

kawalan yang menurun secara berterusan sepanjang tempoh kajian. Kesimpulannya, tahap 

B. decumbens yang tinggi menunjukkan keputusan yang paling ketara daripada ketiga 

rawatan yang menunjukkan kehadiran saponins boleh menghasilkan kesan negatif terhadap 

prestasi keseluruhan bebiri.  

 

Kata kunci: Saponin, kebolehcernaan ketara nutrien, kecekapan makanan, indeks badan, 

hormon pertumbuhan, Dorper. 

 

 

INTRODUCTION 

 

Brachiaria spp. is a perennial grass originated from East Africa and there are seven species 

available, which include B. decumbens, B. brizantha, B. arrecta, B. dictyoneura, B. humidicola, 

B. mutica, and B. ruziziensis (Low 2015). Brachiaria spp. have been planted on more than 

80% of total improved pasture land with B. decumbens as the most favored species, which 

could provide all the forage requirement of ruminant in the tropics and this has helped to 

enhance the production performance of livestock (Chung et al. 2018). B. decumbens is a low-

growing, trailing, perennial grass with upright, sword-shaped leaves, and the grass can spread 

by both rhizomes and stolons as well as through seed production (Assumaidee & Mustapha 

2012). Furthermore, it exhibits tolerance to low soil fertility (Rosa et al., 2016), drought 
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resistance (Faccin et al. 2014), and is relatively free from pests and diseases (Abdullah & 

Rajion 1997).  

On the other hand, B. decumbens has the potential to increase live weight gain in 

ruminants owing to its high nutritive value such as dry matter digestibility and crude protein 

that are important for animal growth (Low 2015). For instance, B. decumbens that was 

defoliated every 5 weeks for 2 years, were found to contain higher dry matter and crude protein 

contents, as compared to B. brizantha and B. ruziziensis (Vendramini et al. 2014). According 

to Aregheore (2001), the nitrogen content of B. decumbens ranges from 10 to 28 g N/kg dry 

matter with 56 to 78% of digestibility at 5 weeks range of grass regrowth period. Nevertheless, 

the livestock production on this pasture system has been variable even when the quality and 

quantity of the pasture are high (Low 2015; Jaapar et al. 2022). There have been many reports 

of sporadic outbreaks of photosensitivity, general ill-thrift, and mortality in livestock due to the 

naturally occurring toxic compound found in B. decumbens (Muniandy et al. 2020). These 

potentially toxic compounds have been isolated from leaf and stem fractions of B. decumbens, 

which is identified as steroidal saponins associated with secondary hepatogenous 

photosensitization in ruminants (Gomar et al. 2005).  

From the plant’s viewpoint, saponins are related to the defense mechanism by acting 

as a protective chemical barrier, protecting themselves against predator, insects, and by 

having adverse effects on herbivores (Cardona-Alvarez et al. 2016). Sheep are more 

susceptible to B. decumbens poisoning than other ruminants, and sheep under one year of 

age are more susceptible to toxicity poisoning than adults, which can occur at any time of year 

and any maturity stage of the plant (Riet-Correa et al. 2011; Faccin et al. 2014). Clinical 

symptoms such as liver damage, hepatic jaundice, and photosensitization have been 

observed in sheep fed with B. decumbens as the main source of feed, indicating hepatotoxicity 

(Assumaidaee et al. 2010; Muniandy et al. 2021a). Consequently, the present study aims to 

determine the effects of low and high levels of B. decumbens diets on the nutrient apparent 

digestibility, feed efficiency, body measurement, as well as growth hormone concentration of 

sheep during both short and long term feeding.  

 

 

MATERIALS AND METHODS 

 

Saponins Extraction and Measurement  

 

A total of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 % of B. decumbens were mixed with 

Pennisetum purpureum and underwent saponins extraction and measurement according to 

Yuliana et al. (2014) to determine the low and high levels of B. decumbens. The mixed diets 

were oven-dried at 50°C for 12 hours and ground to pass 0.5 mm sieve. Then, 10 ml of each 

100% methanol was added to a test tube containing 0.5 g of the sample then placed in an 

ultrasonic water bath (Barnstead/Lab Line Aqua Wave 9377, E60H, Germany) for extraction 

for 20 minutes at room temperature. Each sample was centrifuged (Thermo Scientific IEC 

Centra CL2 Centrifuge, Fisher Scientific Pte Ltd, Singapore) at 4°C for 10 minutes and 

repeated twice. The samples were then calibrated against Diosgenin standard (Sigma-Aldrich 

D1634, Sigma Aldrich Chemie GmbH, Steinheim, Germany). The samples were added with 

0.2 ml vanillin, 0.25 ml ethanol, and 2.5 ml 72% H2SO4, and vortexed. The samples were 

heated in a water bath (Watson Victor Ltd., Bw6t, Watson Victor Limited, New Zealand) at 

60°C for 10 minutes. After cooled, the absorbance was read in UV-Vis spectrophotometer 

(UV-Vis spectrophotometer, U-1800, 5930482, High Technology Corporation, Tokyo, Japan) 
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at a wavelength of 544 nm. The standard curve linear regression equation was calculated 

using the standard and the sample’s saponins concentration was tabulated. 10% of B. 

decumbens mixture was selected as the low level, while 60% of B. decumbens mixture was 

selected as the high level because the level of saponins was peaked at 60% and maintained 

high throughout the 70, 80, 90, and 100% of B. decumbens mixture. Meanwhile, 100% P. 

purpureum was used as the basal diet and served as control. The nutrient compositions of 

each feed are presented in Table 1. 

 

Table 1. Nutritional composition of T1, T2 and T3 diets. 

Composition  T1 (Control) T2 T3 

DM % as fed 24.12 ± 0.83a 19.12 ± 0.20b 17.38 ± 0.46b 

OM  95.63 ± 0.29a 95.24 ± 0.14ab 94.90 ± 0.01b 

CP 16.92 ± 0.12a 16.41 ± 0.13a 15.03 ± 0.15b 

EE 2.22 ± 0.11a 1.92 ± 0.10ab 1.71 ±0.03b 

NDF 63.64 ± 0.19a 60.71 ± 1.04a 54.16 ± 0.90b 

ADF 42.37 ± 1.48a 38.53 ± 0.959b 36.15 ± 0.43b 

ADL 5.23 ± 0.25a 4.54 ± 0.24ab 3.69 ± 0.29b 

GE (kJ/kg DM) 15.73 ± 0.20a 16.37 ± 0.32a 16.69 ± 0.56a 

Note: T1: 100% P. purpureum, T2: 10% of B. decumbens + 90% P. purpureum, T3: 60% of B. decumbens + 40% 

of P. purpureum. DM: Dry matter, OM: Organic matter, CP: Crude protein, EE: Ether extract, NDF: Neutral 

detergent fiber, ADF: Acid detergent fiber, ADL: Acid detergent lignin, GE: Gross Energy. All values were expressed 

as mean ± SE; a, b values with superscript within row are significantly different at p < 0.05 

 

Animals 

 

The experimental protocols and ethics were approved by the Institutional Animal Care and 

Use Committee (Approval number: UPM/IACUC/AUP-R046/2019). A total of 30 six-month-old 

male Dorper cross sheep were purchased and randomly divided into three treatment groups 

consisted of 10 sheep each. Treatment 1 (T1) control sheep were fed with Pennisetum 

purpureum and pellet as the basal diet, whereas treatments 2 (T2) and 3 (T3) sheep were fed 

with feed mixed with low (10%) and high (60%) levels of B. decumbens respectively. Those 

sheep were dewormed orally once in the morning with Albendazole 2.5% and acclimatized for 

two weeks before the start of the experiment. All sheep were placed in an individual metabolic 

pen and were fed with cut grass and supplemented with pellets at the rate of 70:30 

ration/animal/day. The amount of feed given was calculated based on the bodyweight needed 

by each sheep and the amount was increased weekly. Water was available ad libitum. 

 

Nutrient Apparent Digestibility  

 

Daily fecal voided were collected in the morning, weighed, and 10% (w/w) of the fecal were 

stored frozen at -20°C for the first 7 days during the short term feeding, while the same steps 

were repeated during the last 7 consecutive days of feeding trial during the long term feeding 

for the determination of nutrient apparent digestibility. At the end of the collection period, the 

fecal samples of each sheep were pooled and subsampled for proximate analysis. Diets and 

fecal samples were analyzed for dry matter (DM), organic matter (OM), crude protein (CP), 

ether extract (EE), neutral detergent fiber (NDF), and acid detergent fiber (ADF). The 

proximate composition of the diets and fecal samples were determined following the method 

of the Association of Official Analytical Chemists (AOAC, 1995), while the NDF, and ADF were 

determined using Van Soest et al. (1991) technique. The apparent digestibility was determined 
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by the following equation: Apparent digestibility (%) = [(Nutrient in feed – Nutrient in 

feces)/Nutrient in feed] x 100.  

 

Growth Performance 

 

Throughout the study, the feed refusal and feed intake (FI) were weighed and recorded daily 

by measuring the difference between the feed offered and refusal. The body weight of each 

sheep was also recorded weekly prior to morning feeding using the standard weight tape. The 

feed efficiency (FE) for each lamb was calculated from the total FI and total weight gained 

during the study period. 

 

Body Measurement 

 

The body measurements of each sheep from every treatment were measured weekly as 

described by Mavule et al. (2013). The body length (BL), heart girth (HG), and whither height 

(WH) were measured to the nearest (cm) after restraining and holding lambs in an unforced 

position throughout the 90 days trial before feeding. The relative growth of lambs, the body 

length index (BLI), heart girth index (HGI), and somatic index (SI) were then calculated using 

the following equations: BLI = BL/WH; HGI = HG/WH; and SI = HG/BL. 

 

Growth Hormone Analysis 

 

On day 0, 7, 30, 60, and 90, blood samples were collected via jugular venipuncture (5 mL into 

Serum BD Vacutainer® blood collection tube) for serum collection before morning feeding. 

The blood collected was centrifuged at 3000 rpm for 5 minutes to obtain the serum and stored 

at -80°C before growth hormone analysis. The concentrations of growth hormone (GH) in 

blood serum samples were measured using an enzyme-linked immunosorbent assay (ELISA) 

kit according to the manufacturer's protocol (BT-Laboratory, Shanghai) with specification 

standards for GH. The assay had a sensitivity of 0.045 ng/ml with the detection range between 

0.1 and 40 ng/ml.  

 

Statistical Analysis 

 

Based on the output parameter of the G*power analysis, the number of animals used was 

sufficient to obtain an actual power of 0.8. All data collected were analyzed using Statistical 

Analysis Software version 9.4 (SPSS Inc.). Shapiro-Wilk test was used to check for normality 

of data where p > 0.05 was considered as normally distributed data. Then, the data were 

further subjected to the one-way analysis of variance (ANOVA) to determine the effects of B. 

decumbens levels on nutrient digestibility, growth performance, body measurement, and 

growth hormone concentration. Tukey Kramer (Honest Significant Difference) post-hoc test 

was used to compare the mean differences among groups at a 5% level of significance. The 

data were considered significant at p < 0.05. 
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RESULTS 

 

Nutrient Apparent Digestibility 

 

The nutrient apparent digestibility of sheep fed with low and high levels of B. decumbens diets 

during the short and long term feeding is illustrated in Table 2. No significant differences (p > 

0.05) were observed in all the nutrient digestibility parameters except for the DM digestibility 

during the short term feeding. Significantly lower (p < 0.05) dry matter digestibility was 

exhibited in T3 sheep in contrast to T1 sheep.  

During the long term feeding, significant differences (p < 0.05) were observed in the 

DM, CP, NDF, and ADF among treatment sheep. There were no significant differences (p > 

0.05) in the organic matter and metabolized energy among treatment sheep. Comparing to 

the control sheep, T3 sheep fed with 60% of B. decumbens diet revealed the lowest DM, CP, 

NDF, and ADF digestibility proposing an impaired nutrient digestibility along the 

gastrointestinal tract, which will ultimately affect the growth performance of sheep.  

 

Table 2. Nutrient apparent digestibility of sheep fed with low and high levels of B. decumbens 

diets during the short and long term feeding 

Parameter T1 (control) T2 T3 

Day 7 (short term feeding) 

DM (%) 62.95 ± 2.28a 60.71 ± 2.33ab 54.56 ± 2.52b 

OM (%) 65.55 ± 3.02 61.73 ± 2.69 56.87 ± 2.48 

CP (%) 61.86 ± 3.15 58.35 ± 2.14 54.57 ± 1.88 

NDF (%) 58.92 ± 3.90 54.89 ± 2.00 52.15 ± 2.15 

ADF (%) 48.85 ± 1.90 46.33 ± 2.70 43.17 ± 2.03 

ME (kJ/kg DM) 8.40 ± 0.17 8.05 ± 0.17 8.00 ± 0.19 

Day 90 (Long Term Feeding) 

DM (%) 63.73 ± 1.91a 59.02 ± 3.01ab 55.48 ± 2.33b 

OM (%) 65.17 ± 2.11 62.22 ± 3.52 56.77 ± 2.50 

CP (%) 60.74 ± 1.18a 56.41 ± 1.23b 53.24 ± 1.29b 

NDF (%) 59.55 ± 0.95a 53.97 ± 1.96ab 52.18 ± 2.15b 

ADF (%) 49.70 ± 2.14a 47.82 ± 1.55ab 42.84 ± 2.12b 

ME (kJ/kg DM) 8.58 ± 0.21 8.26 ± 0.22 7.92 ± 0.16 

Note: All values were expressed as mean ± SE; a, b values with superscript within row are significantly different at 

p < 0.05. T1: 100% P. purpureum, T2: 10% of B. decumbens + 90% P. purpureum, T3: 60% of B. decumbens + 

40% of P. purpureum. DM: Dry matter; OM: Organic matter; CP: Crude protein; NDF Neutral detergent fiber; ADF: 

Acid detergent fiber; ME: Metabolized energy 

 

Growth Performance 

 

Table 3 shows the growth performance of sheep fed with low and high levels of B. decumbens 

diets during the short and long term feeding. There were no significant differences (p > 0.05) 

in all the parameters among treatments during the short term feeding. Numerically, T3 sheep 

demonstrated lower growth performance parameters leading to the higher feed efficiency 

followed by T2 as compared to T1 sheep on the first 7 days of the study period.  

On the other hand, there were significant differences (p < 0.05) in the total bodyweight 

gain, average daily gain, total feed intake, and daily feed intake among treatment sheep during 

the long term feeding. As compared to the control, T3 sheep exhibited the lowest total 

bodyweight gain, average daily gain, total feed intake, and daily feed intake indicating the 



8 
 

poorest growth performance. Likewise, T3 sheep also had the lowest final bodyweight and 

feed efficiency numerically despite not having significant differences.   

Overall, T3 sheep fed with the highest B. decumbens diet signifying the poorest growth 

performance followed by T2 sheep. Meanwhile, T1 sheep not fed with any B. decumbens diet 

had the best growth performance throughout the 90 days study period.  

 

Table 3. Growth performance of sheep fed with low and high levels of B. decumbens diets 

during the short and long term feeding. 

Parameter  T1 (Control) T2 T3 

Day 7 (Short Term Feeding)    

Initial bodyweight (kg) 17.23 ± 1.06 17.18 ± 0.57 16.86 ± 0.63 

Final bodyweight (kg) 17.88 ± 1.00 17.80 ± 0.59 17.45 ± 0.61 

Total bodyweight gain (kg) 0.77 ± 0.11 0.62 ± 0.11 0.60 ± 0.04 

Average daily gain (g/d) 0.67 ± 0.95 0.51 ± 0.51 0.52 ± 0.72 

Total feed intake (kg DMI) 1.83 ± 0.10 1.48 ± 0.13 1.21 ± 0.07 

Daily feed intake (kg DMI/d) 0.26 ± 0.18 0.21 ± 0.27 0.17 ± 0.18 

Feed efficiency (kg DMI/kg gain) 2.06 ± 0.22 2.69 ± 0.57 3.45 ± 0.59 

Day 90 (Long Term Feeding)    

Final bodyweight (kg) 24.97 ± 0.74 23.73 ± 0.95 23.43 ± 1.04 

Total bodyweight gain (kg) 7.96 ± 0.20a 7.03 ± 1.70ab 6.30 ± 0.60b 

Average daily gain (g/d) 2.37 ± 0.13a 2.00 ± 0.11ab 1.60 ± 0.10b 

Total feed intake (kg DMI) 30.39 ± 0.99a 28.53 ± 1.76ab 28.35 ± 2.73b 

Daily feed intake (kg DMI/d) 0.41 ± 0.13a 0.39 ± 0.13ab 0.38 ± 0.11b 

Feed efficiency (kg DMI/kg gain) 3.81 ± 0.06 4.07 ± 0.71 4.68 ± 0.84 

Note: All values were expressed as mean ± SE; a, b values with superscript within row are significantly different 
at p < 0.05. T1: 100% P. purpureum, T2: 10% of B. decumbens + 90% P. purpureum, T3: 60% of B. decumbens 
+ 40% of P. purpureum. 

 

 

Body Measurement  

 

Table 4 present the body measurement and body index of sheep fed with low and high levels 

of B. decumbens diets during the short and long term feeding. There were no significant 

differences (p > 0.05) in all the body measurement parameters for all treatment groups. 

For body indexes, only heart girth index during the short term feeding showed 

significant difference (p < 0.05). However, the value of indexes decreases as the B. 

decumbens level increases. Despite no significant differences, T3 sheep fed with 60% of B. 

decumbens demonstrated a smaller body size numerically with a lower body length index, 

heart girth index, and somatic index at the end of the study period as compared to the control 

sheep suggesting a stunted growth. 
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Table 4. Body measurement and body index of sheep fed with low and high levels of B. 

decumbens diets during the short and long term feeding. 

Parameter  T1 (Control) T2 T3 

Day 7 (Short Term Feeding)    

Body measurement:    

Whither Height (cm) 52.66 ± 0.88 53.00 ± 0.93 50.00 ± 2.45 

Body Length (cm) 45.33 ± 1.12 44.66 ± 1.26 44.50 ± 1.09 

Neck Length (cm) 16.66 ± 0.33 16.50 ± 0.50 15.83 ± 0.31 

Neck Circumference (cm) 24.33 ± 0.33 24.00 ± 0.63 23.66 ± 0.56 

Heart Girth Circumference (cm) 60.00 ± 3.90 58.33 ± 1.28 57.66 ± 0.88 

Abdominal Circumference (cm) 77.83 ± 2.29 76.16 ± 1.56 76.16 ± 1.33 

Right Forelimb (cm) 46.50 ± 1.23 45.66 ± 1.23 45.00 ± 0.68 

Left Forelimb (cm) 46.00 ± 0.89 45.66 ± 1.23 45.16 ± 0.95 

Right Hindlimb (cm) 49.83 ± 0.60 49.83 ± 1.01 48.50 ± 0.76 

Left Hindlimb (cm) 50.33 ± 0.84 49.83 ± 0.79 48.83 ± 0.79 

Body index:    

BLI 0.98 ± 0.18 0.86 ± 0.03 0.84 ± 0.03 

HGI 1.41 ± 0.14a 1.11 ± 0.31b 1.09 ± 0.31b 

SI 1.37 ± 0.19 1.29 ± 0.04 1.30 ± 0.02 

Day 90 (Long Term Feeding)    

Body measurement:    

Whither Height (cm) 56.66 ± 0.88 55.66 ± 0.88 54.66 ± 0.88 

Body Length (cm) 47.66 ± 1.33 47.33 ± 1.33 47.33 ± 1.33 

Neck Length (cm) 18.00 ± 0.33 18.00 ± 0.57 17.66 ± 0.33 

Neck Circumference (cm) 24.66 ± 0.67 24.33 ± 0.67 24.00 ± 0.58 

Heart Girth Circumference (cm) 63.00 ± 0.58 60.33 ± 0.88 57.83 ±0.87 

Abdominal Circumference (cm) 80.66 ± 2.84 82.33 ± 3.84 78.33 ± 2.84 

Right Forelimb (cm) 49.33 ± 0.66 47.66 ± 1.21 46.33 ± 0.67 

Left Forelimb (cm) 49.33 ± 0.67 48.00 ± 1.52 46.33 ± 0.67 

Right Hindlimb (cm) 52.00 ± 0.57 51.66 ± 1.76 50.66 ± 1.76 

Left Hindlimb (cm) 52.66 ± 0.88 50.66 ± 1.76 50.33 ± 1.76 

Body index:    

BLI 0.87 ± 0.02 0.86 ± 0.04 0.84 ± 0.34 

HGI 1.10 ± 0.02 1.10 ± 0.01 1.02 ± 0.05 

SI 1.28 ± 0.02 1.29 ± 0.06 1.22 ± 0.02 

Note: All values were expressed as mean ± SE; a, b values with superscript within row are significantly different 

at p < 0.05. T1: 100% P. purpureum, T2: 10% of B. decumbens + 90% P. purpureum, T3: 60% of B. 

decumbens + 40% of P. purpureum. BLI: Body length index, HGI: Heart girth index, SI: Somatic index. 

 

Growth Hormone Concentration 

 

The growth hormone concentration of sheep fed with different levels of B. decumbens diets 

throughout the 90 days feeding trial is depicted in Table 5. No significant difference (p > 0.05) 

was observed in the GH concentration at day 0 among treatment sheep.  

Significant differences (p < 0.05) of the GH concentration were detected on day 7, 30, 

60, and 90 among treatment sheep. As opposed to the control sheep, both B. decumbens 
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treatments revealed a significantly lower GH concentration that decreases steadily throughout 

the study period.  

The GH concentration of T2 sheep decreased by 27.40%, whereas T3 sheep revealed 

the highest reduction of GH concentration by 33.48% on day 90 indicative of a suppressed 

growth hormone secretion. This will then affect the growth performance of sheep as reported 

earlier.   

 

Table 5. Growth hormone concentration (ng/ml) of sheep fed with low and high levels of B. 

decumbens diets throughout 90 days. 

Day T1 (Control) T2 T3 

0 7.10 ± 0.12a 6.97 ± 0.14a 6.75 ± 0.22a 

7 6.75 ± 0.17a 5.47 ± 0.12b 5.72 ± 0.34b 

30 6.99 ± 0.09a 5.47 ± 0.18b 4.16 ± 0.12c 

60 6.83 ± 0.15a 4.88 ± 0.19b 4.12 ± 0.39b 

90 6.99 ± 0.11a 5.06 ± 0.24b 4.49 ± 0.23c 

Note: All values were expressed as mean ± SE; a, b, c values with superscript within row are significantly different 

at p < 0.05. T1: 100% P. purpureum, T2: 10% of B. decumbens + 90% P. purpureum, T3: 60% of B. decumbens 

+ 40% of P. purpureum. 

 

 

DISCUSSION 

 

Nutrient Digestibility 

 

Favorable growth performance and productivity of sheep were highly associated with the high 

efficiency of optimum ruminal fermentation, nutrient digestibility, and effective nutrient 

utilization (Zheng et al. 2021). In the present study, high B. decumbens level in the feed 

demonstrated decreased nutrients digestibility of DM, CP, NDF, and ADF. Agreeing to Wina 

et al. (2005), the decrease in nutrients digestibility might be attributed to the lower fibrolytic 

enzyme activity in the rumen due to the presence of anti-nutritional factors or steroidal 

saponins in B. decumbens. The forestomach is the first metabolic region, as saponins were 

hydrolyzed in rumen, omasum, and abomasum into sapogenins (epsimilagenin, 

episarsapogenin, smilagenone, and smilagenin) before being absorbed in the duodenum and 

jejunum, which will then be transported to the liver via transportal vein (Muniandy et al. 2020). 

According to a study conducted by Johnson et al. (1986), the active mucosal transport was 

inhibited in the presence of saponins. With the saponins level surpassing sublethal, there were 

possibilities of implications for the uptake of macromolecules from passing through the 

epithelium of the intestinal mucosal (Gee et al. 1996). Consequently, the nutrient absorption 

capacity required by the sheep was significantly decreased in exchange for the entrance of 

macromolecules, which supports the result of the current study. For example, Potter et al. 

(1993) reported that saponins are able to reduce the digestibility of saponin-protein 

complexes. The decrease in nutrient digestibility and feed intake due to the high B. decumbens 

level could be the main reason for the reduced CP digestibility of sheep in the present study, 

thus leading to poor growth performance. The result was consistent with the reports by Hess 

et al. (2004) and Santoso et al. (2007), where the CP, OM, and NDF loss in feces increased 
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with the presence of Sapindus Saponaria, Sapindus mukrossi, and Biophytum petersianum 

containing high amounts of saponins. In addition, the digestibility of fibrous fraction tends to 

decrease with slower digestion due to the presence of steroidal saponins, thus require a longer 

time to undergo the breakdown process into smaller particles appropriate for fermentation and 

absorption in the rumen (Granzotto et al. 2011). As a result, the lower levels of DM, NDF, and 

ADF digestibility reported in this study were attributed to the effects of saponins on rumen 

fermentation and microbiota.  

 

Growth Performance 

 

Despite the fact B. decumbens is one of the most cultivated species in South America, Asia, 

and the South Pacific region, they are not used as the main grass for feeding ruminants due 

to the concern related to the toxicity of the steroidal saponins (Chung et al. 2018). T3 sheep 

fed with the highest B. decumbens diet recorded the poorest growth performance as compared 

to T2 and control sheep. The declined growth performance and feed efficiency could be due 

to factors such as feed palatability, feed avoidance, and toxin effects. These events might be 

attributed to the fact that B. decumbens containing saponins are naturally occurring surface-

active glycosides, which have a bitter and astringent taste for animals (Cheok et al. 2014). 

The low growth performances produced by the sheep in this study may arise from poor feed 

palatability leading to poor feed intake. Aazami et al. (2013) mentioned that avoidance 

behavior of ruminants could also justify poor growth rates and weight loss that were often 

associated with livestock grazing on B. decumbens pasture. Specifically, avoidance of 

ingesting this pasture will indirectly decrease nutrient intake and thus, reduce growth rates. 

Supporting the idea, this study observed that T3 sheep fed with higher levels of B. decumbens 

tend to have greater feed leftover. This finding corroborates a study on saponin-containing 

plants (Alghirani et al. 2021), where a decrease in feed intake was observed in animals fed 

diet supplemented with Yucca extract containing saponins. On the other hand, risk of toxicity 

has become a limiting factor when B. decumbens is fed as the main source of feed (Chung et 

al. 2018). One of the clinical signs of B. decumbens toxicity is secondary or hepatogenous 

photosensitization. B. decumbens intoxication causing liver dysfunction leads to an elevation 

in the concentration of liver enzymes (Muniandy et al. 2021b), alteration in liver metabolism, 

thereby resulting in weight loss in 70% of studied animals (Lelis et al. 2018). Sheep are more 

susceptible to B. decumbens poisoning than other ruminants, and sheep under one year of 

age are more susceptible to toxicity poisoning than adults (Riet-Correa et al. 2011). This 

corroborates the findings from the current study as T3 sheep fed with the highest level of B. 

decumbens demonstrated the poorest growth performance and decreased digestibility most 

probably due to some degree of intoxication.  

 

Body Measurement  

 

Body measurements could be useful in defining the performance traits of animals, especially 

in growing animals (Cam et al. 2010). In this study, despite having no significant differences, 

the value for each body measurement variable and body index did reduce as the level of B. 

decumbens increases. According to a previous study, saponins administration had no 

significant effect on body measurements with inconsistent results among treatment groups 

(Aazami et al. 2013). Nonetheless, Liu et al. (2018) obtained a significant difference in the HGI 

value at day 60 to 90, whereas the rest of the body measurements showed no significant 

differences. Similarly to this study, only HGI during the short term feeding showed significant 
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difference. The disparities in the results might be due to the age of the sheep during the 

feeding trial. According to Salako (2006), young sheep had relatively higher correlation 

coefficients in body measurements that can be measured in younger sheep as compared to 

adult sheep. This is because younger animals will undergo predominant metamorphic growth 

at this stage, which caused some of the body parameters to increase significantly than other 

stages of production. Besides, sheep showed greater susceptibility to B. decumbens toxicity 

compared to cattle and goats with most cases affecting young animals (Muniandy et al. 2020), 

hence affecting the body measurement in this study. The other effect of B. decumbens toxicity 

is the presence of birefringent crystals that are capable of blocking the bile ducts, provides 

concrete links between the saponins in B. decumbens and rumen metabolism, and the 

absorption of the derived compound (Miles et al. 1993). Macrophages were also observed 

surrounding the crystal along with damaged liver, which later affect the kidneys during the 

chronic phase. This demonstrates that the dysfunctional internal organs led to degradation of 

growth performance, which was reflected in the body measurement. In brief, there are very 

few studies on the effect of saponins or saponin-containing plants on body measurements, 

thus no final revelation of this parameter was obtained, indicating more future studies need to 

be conducted. 

 

Growth Hormone Concentration 

 

Growth potential, modification in body composition, as well as average daily gain in animals 

are indicated by both insulin-like growth factor-1 and GH (Abdel-Raheem & Hassan 2021). 

The secretion of GH by the pituitary gland is controlled by at least two hypothalamic factors, 

which are stimulatory GH-releasing factor and inhibitory factor somatostatin (SRIH). There is 

increasing evidence that nutritional status plays a major role in determining GH 

concentrations, particularly in ruminants. In the present study, significant differences were 

observed between treatments throughout the 90-day feeding trial as the GH concentration 

decreased in response to the increasing level of B. decumbens level in diets. Nonetheless, 

this finding contradicts the reports from all previous studies. For instance, both Zhong et al. 

(2012) and Liu et al. (2018) reported that no significant effect was detected on the levels of 

plasma hormones (GH) in lambs fed with Astragulus membranaceus and tea leaves 

containing saponins, respectively. Conversely, higher plasma GH concentrations were 

obtained from underfed (low protein) lactating cows (Hart et al. 1978). In line with less feed 

intake, the inflation of GH might be linked to the utilization of the hormone to mobilize energy 

and exchange of metabolites from adipose tissue to lean tissue for metabolism as the dietary 

nutrient was inadequate. Hart et al. (1985) proved further that the GH response to growth 

hormone-releasing factor of sheep was also improved during restricted feeding as opposed to 

ad libitum feeding, insinuating that the reduction in feed intake was the possible reason for the 

elevated growth hormone due to poorly supplied nutrition. Based on previous studies, all the 

results reported were inconsistent with the findings obtained in the present study. This could 

be governed by the time of exposure, as well as the toxin effect or steroidal saponins presence 

in B. decumbens. However, this study is the first attempt to relate the effect of feeding B. 

decumbens on the plasma GH concentration. Therefore, the effect of plant secondary 

metabolites on the plasma hormones of ruminants remains controversial, which warrants 

further investigation. 
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CONCLUSION 

 

In summary, different levels of B. decumbens diets were proven to affect the growth 

performance, growth hormone concentration, body measurement, and nutrient apparent 

digestibility of sheep at different time phases. T2 sheep displayed minimal effects in this in 

vivo assessment as only a low level of B. decumbens was distributed to the sheep. Meanwhile, 

T3 showed the most significant results out of all three treatments indicating the presence of 

saponins did produce negative effects on the sheep’s overall performance. Based on the 

results obtained from the present study, farmers are highly advised to avoid using fresh B. 

decumbens as their main source of feed for sheep owing to the detrimental effects of steroidal 

saponins present in the grass. 
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