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ABSTRACT

Trichanthera gigantea (ketum ayam) is a species of flowering plant in the acanthus family, 
Acathaceae. Younger T. gigantea leaf was reported to contain good protein content with positive 
effect on livestock. This study aimed to determine the harvesting effect of T. gigantea leaves at 
2 different stages of maturity (young: less than 2 months old, mature: 3 to 4 months old) on the 
nutrient and secondary metabolites compounds. The significant differences were determined at 
p<0.05. Young leaves showed significantly 5.44% higher protein, 4.04% ash, 3.19% fibre contents 
and 2.7% lower fat and 0.57% energy compared to mature leaves. Phenol and saponin were detected 
in both young and mature leaves, with the younger leaves contained 0.011% higher percentage in 
phenol and 3.22% in saponin. However, there is no significant difference in Ca (4.62%, 4.91%) and 
(0.31%, 0.19%) for both stages of leaf maturity. In conclusion, the young leaves showed higher 
nutritional value, suggesting potential as a partial protein source in broiler diets. However, feeding 
trials are needed to confirm its suitability. 

Keywords: Broiler, ketum ayam, protein, secondary metabolite, Trichanthera gigantea

INTRODUCTION

Ketum ayam  or its scientific name, 
Trichanthera gigantea (Humb & Bonpl.) 
Nees is a flowering shrub plant species 
belonging to the Acanthaceae family and is 
commonly known by the names; Madre de 
Agua (Latin America), Nacedero, Suiban, 
Cenicero, Tuno, Naranjilo, and Palo de 
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Agua. This plant is native to America and was introduced to Malaysia in 2012 by a local 
farmer. It grows wild and thrives in tropical regions such as the Philippines, Vietnam, 
Cambodia, including Malaysia, especially in most parts of Peninsular Malaysia. In fact, 
it is easy to be grown at high environmental temperatures, poor quality soil, and under 
minimal management (Tran, 2003), with a short harvesting period, as early as two months 
after planting. In Malaysia, it is locally known as ketum ayam because of its physical 
appearance which looks like ketum or kratom or biak (Mitragyna speciosa) leaf which 
belongs to the Rubiaceae family and is mostly used as chicken feed. Kratom leaf is listed 
under the Malaysian Poison Act of 1952 because it contains the psychoactive prohibited 
compounds mitragynine which has a stimulating, sedative, and euphoric effect that can 
cause addiction.  To date, there has been no discovery of that prohibited compound in the 
leaf of ketum ayam. 

The consumption of meat in Malaysia in 2019 was reported to be above the average 
values stated by the Organization for Economic Cooperation and Development (OECD) 
for that particular year. The poultry meat per capita consumption in Malaysia was 49.3 
kg in the year 2020 and increased to 49.7kg by 2021. Malaysia was listed amongst the 
top global consumers of poultry meat worldwide, and the intake is expected to increase to 
51.28 kilograms per capita in 2025 (Hirschmann, 2022).

The increase in the import price of animal feed ingredients such as corns and soybeans 
in the international market can inadvertently cause an increase in the price of chicken. In 
2016, Malaysia spent RM5.6 billion to import corns and soybeans for their use in livestocks 
such as poultry, goats, and cattle to meet its protein and energy sources, with RM2.2 billion 
alone is for soybeans. In the year 2020, the price of soybeans increased almost 1.5 times 
within 1.5 years which is RM 1480/metric ton in June 2020 to RM 2210/metric ton in January 
2022 (New Straits Times, 2022). Various efforts were made by the Government to reduce the 
dependency on imported ingredients, finding sources by looking into other potential locally 
available and cheaper sources such as cassava meal, palm kernel cake, and so on. 

One of the most important aspects is that the leaves can be considered safe to be used 
in animal feed. It can be offered directly (fresh) or in dried form. Having an acceptable 
proximal composition as well as the content of secondary metabolites and the presence of 
low concentrations of anti-nutrients make it possible for this leaf to be used in livestock 
production systems in tropical areas (Garcia et al., 2006). However, the nutritive value 
of T. gigantea leaf may vary depending on the ages of leaves (Tran, 2003) and cutting 
intervals (Kien et al., 2020). T. gigantea are usually harvested at the age of 3 to 4 months. 
Tran (2003) noted that the livestock should have better performance traits when they are 
fed younger leaves rather than the older leaves. For example, the young leaves contained 
higher crude protein than the old leaves. A 50 to 60-day cutting interval of the T. gigantea 
tree was recommended by Kien et al. (2020). 



2121Pertanika J. Trop. Agric. Sci. 48 (6): 2119 - 2136 (2025)

Nutrients and Secondary Metabolites in T. gigantea (Ketum Ayam) Leaf

Thus, this study aimed to investigate the effect of T. gigantea (ketum ayam) leaf 
harvested at two different stages of maturity (young, mature) on its nutrient and secondary 
metabolite contents. 

MATERIALS AND METHODS
Collection and Sample Preparation

About 2 kilograms of each group of leaves were collected randomly in the morning at a 
local farm located in Bentong, Pahang, Malaysia. The young leaves were taken from the top, 
whereas the matured leaves were taken from the bottom of the T. gigantea trees. The part of 
the leaves harvested only includes the leaf (from the basal leaf to the tip) and the stipule. The 
leaf was plucked manually using plant-cutting scissors, weighed immediately, and sealed 
in plastic bags. The leaf samples were then transferred to the Nutrition Laboratory, Faculty 
of Veterinary Medicine, Universiti Putra Malaysia for chemical analysis. The identification 
and authentication were done by the Biodiversity Unit, Institute of Bioscience, Universiti 
Putra Malaysia with voucher no. MFI 0236/21.

Chemical Analysis

Upon arrival at the laboratory, all leaves were washed quickly under running tap water 
to remove any bruised, soiled, or imperfect leaves before the drying process. The leaves 
were dried in an oven at a temperature of 50±1°C until a constant weight was obtained. 
Later, the leaves were ground using a laboratory grinder to obtain a fine meal measuring 
approximately 2 mm in diameter. These leaves were then placed in a separate airtight bottle 
and stored in a cool and dry place for further analysis.

Proximate Analysis, Van Soest and Gross Energy

The proximate analysis including dry matter (DM), ash, organic matter (OM), crude fibre 
(CF), crude protein (CP), ether extract (EE), nitrogen free extract (NFE), acid detergent 
fibre (ADF), acid detergent lignin (ADL), neutral detergent fibre (NDF), and also gross 
energy were conducted according to the methods of Association of Official Analytical 
Collaboration (AOAC), 1984. 

Determination of M, DM, Ash and OM

About 1 g of each sample was weighed and placed in a pre-weighed crucible. Then, these 
crucibles containing the samples were dried in an oven at 105°C for 24 hours, cooled in 
a desiccator for 30 minutes, and was weighed. Next, the crucibles containing the dried 
sample were burned in a muffle furnace at 550°C for 3 hours, cooled in a desiccator and 
then weighed. The M, DM, ash and OM contents were determined based on calculation 
as stated in the method.
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Determination of Crude Protein (CP)

Approximately 1 g of each sample was placed in a digestion tube. The digestion tube 
was then added with a Kjeldahl tablet, followed by 12 mL of concentrated sulfuric acid 
(H2SO4) and 3 mL of 30% hydrogen peroxide (H2O2). The samples were digested, distilled 
and titrated using the AOAC (1984) methods. The protein percentage was calculated by 
the stated formula in this method. 

Determination of Crude Fibre (CF)

Briefly, 1 g of each dried sample was weighed and loaded in a fiber bag (Gerhardt®) and 
inserted with a glass spacer. Then, each fibre bag was loaded onto the carousel and inserted 
into a 600 mL beaker. Three hundred sixty (360) mL 0.13 mol/L sulfuric acid (H2SO4) 
was poured into the beaker and mixed it by rotating the carousel for about 1 min. Next, 
the beaker was placed on the hot plate that had been preheated for about 5 minutes. The 
hotplate was set up to full before boiling (about 3-5 min) before reducing it to obtain a 
gentle simmer for about 30 minutes. The beaker was removed from the hotplate, and the 
carousel was taken out. The solution and soluble within the beaker were discarded, and 
the carousel was rinsed with hot water several times. The previous steps were repeated 
with 360 mL 0.313 mol/L natrium hydroxide (NaOH). After boiling with NaOH, the 
fibrebags were rinsed with hot water and dried with fibre-free tissue before putting into 
pre-ashed crucible and dried in an oven at a temperature of 105°C for 4 hrs. Next, the 
crucible contained fibrebags were taken out from the oven, cooled in desiccator, weighed, 
incinerated at 600°C for 4 hours, cooled at 105°C for 30 min in an oven, and finally cooled 
in desiccator before weighing. The calculation for crude fibre determination followed the 
formula described by Gerhardt®.  

Determination of Ether Extract (EE)

The ether extract determination was conducted using a manual system, Soxhlet apparatus 
Gerhardt®. Approximately 1 g of each sample was weighed into an extraction thimble 
(33x80mm) and then inserted into the Soxhlet chamber. A 250 mL pre-weighed round 
bottom flask was loaded with 200 mL of petroleum ether boiling range of 40-60°C before 
being fitted into the Soxhlet apparatus. The extraction process was conducted for about 6 
hours before removing the round bottom flask containing the ether extract residue. Next, 
the round bottom flask was dried in an oven at 105°C overnight, cooled in a desiccator 
and weighed. The ether extract content was calculated using the difference between the 
weight of the sample and the residue, as stated in the methods.

Nitrogen free extract of each sample was calculated using the stated formula.

NFE (%) = 100 - % CP - % EE - % CF - % Ash
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Determination of Neutral Detergent Fibre (NDF)

About 1 g of each sample was weighed and placed in a pre-weighed Gerhardt® fibrebags 
inserted with a glass spacer. Next, the fibrebag containing the sample was attached to the 
carousel prior to boiling with the NDF solution. After a gentle simmer for about an hour, 
the solution was discarded, and the fibrebag was rinsed with hot water before wiping it 
with fibre-free tissue. Later, the fibrebag was put into a pre-weighed crucible and dried in 
an oven at 105°C for 4 hours prior to ash in a muffle furnace at 600°C for 4 hours. To cool 
the sample after ashing, the sample was placed in an oven at 105°C for 30 min, followed 
by cooling in desiccator for 30 min. The NDF was calculated by a formula.

Determination of Acid Detergent Fibre (ADF)

One gram of each sample was weighed and loaded in a pre-weighed Gerhardt® fibrebag 
that was already inserted with glass spacer. The fibrebag then was loaded into carousel 
in a beaker prior to boiling with ADF solution in a hotplate. The fibrebags were drained 
to free from detergent after one hour boiling, rinsed with hot water, wipped with fibre-
free tissue and placed into a pre-weighed crucible before drying in an oven at 105° for 
4 hours. After 4 hours, the fibrebag was allowed to cool in an oven at 105°C for 30 min 
before cooling in desiccator for 30 minutes, then weighed before incinerating in a muffle 
furnace at 600°C for 4 hrs. Next, the fibrebag was taken out from the muffle furnace and 
allowed to cool in an oven at 105°C for 30 minutes followed by cooling in desiccator 
about 30 min. The calculation for determining the percentage of ADF was calculated 
by a formula.

Determination of Acid Detergent Lignin (ADL)

To determine the ADL content, some steps used in ADF are required before soaking the 
sample with 72% H2SO4 solution. Briefly, approximately 1 g of each sample was weighed 
and loaded into a pre-weighed Gerhardt® fibrebags containing a glass spacer. Then, the 
fibrebag was inserted into the carousel in a beaker prior to an hour of gentle simmering 
with ADF solution. Next, the fibrebags was free from the detergent solution by rinsing with 
hot water. The rinsed fibrebag was later inserted again into the carousel in a beaker. A 360 
mL of ADL solution was poured slowly into the beaker containing the sample, and mixed 
by rotating the carousel carefully for about 1 min. The fibrebag was allowed to soak in the 
solution for 3 hours before rinsing it with hot water. After being free from detergent, the 
fibrebag was wiped with fibre-free tissue and loaded in a pre-ashed crucible. Then, it was 
placed in an oven at 105°C for 4 hours to dry the fibre bag, cooled in a desiccator for 30 
minutes, and weighed. To ash the sample, the fibrebag was incinerated in a muffle furnace 
at 600° for 4 hours. The fibrebag was allowed to cool in the furnace overnight before 
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transferring it in an oven at 105°C for 30 minutes and further cooled in a desiccator for 
about 30 minutes. The cooled pre-ashed sample was weighed and recorded. The calculation 
for ADL was determined using a formula.

Gross Energy

The gross energy in the samples was determined using an automated bomb calorimeter 
IKA® C5000 that had been calibrated with benzoic acid prior to analysis. 

Minerals

Calcium and phosphorus were determined using the In-house Method, SGS-SOP-LAB-028, 
based on AOAC 986.15, 975.03, and 922.02, APHA 3120B and APHA 3125B (ICP-OES). 

Qualitative Analysis of Secondary Metabolites

The presence of secondary metabolite compounds such as phenols, saponins, tannins, 
flavonoids, cardiac glycosides, anthocyanides and terpenoids was conducted according to 
the methods as reported by Raipuria et al. (2018), steroids (Aliyu et al., 2017), alkaloids and 
antraquinones (Abdullahi et al., 2020); Perveen and Zaid, 2013), Phlobatannins (Ezeonu 
and Ejikeme, 2016) and oxalates (Kgosana, 2019). 

Extraction of Leaves Meal

Approximately 100 mg of each dried sample was kept overnight in 25 ml of ethanol. 
The extracts were filtered using Whatman filter paper no. 1 and used for phytochemical 
screening as follows:

Phenol

Two ml of the above filtrate was taken into a 15 ml glass test tube and 1 ml of 1% Ferric 
Chloride (FeCI3) was added to it. Brown haziness indicated the presence of phenols.

Saponins

One ml of the filtrate was mixed with 5 ml of H2O, and then shaken vigorously using IKA 
vortex mixer. The persistence of frothing showed the presence of saponins. 

Tannins

Two ml of the filtrate was taken into a 15 ml glass test tube followed by 2 ml of 0.1% 
FeCI3.  Brownish color indicated the presence of tannins.
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Flavanoids

The test for flavonoid adopted is as stated by Ezeonu and Ejikeme (2016). Briefly, 300 
mg of each sample was mixed with 30 ml of H2O for 2 hours. The solutions were filtered 
with Whatman filter paper no. 42 (90 mm). Each 5 ml of extract was added with 2.5 ml of 
1.0M ammonia (NH3) solution followed by 2.5 ml of concentrated H2SO4. Yellow color 
indicated the presence of flavonoid. 

Cardiac Glycosides

One mL glacial acetic acid was added into each 2 ml filtrate followed by addition of 1 
ml glacial acetic acid (CH3COOH), 1 ml of 1% FeCI3 and 1 ml concentrated H2SO4. The 
presence of cardiac glycosides was indicated by a brown ring. 

Anthocyanides

Five ml of 10-12% hydrochloric acid (HCI) was added to 1 ml of each above filtrate. The 
presence of pale pink color, indicating the presence of anthocyanides. 

Terpenoids

Five mL of each extract was added by 2 ml of chloroform (CHCI3) followed by 3 mL 
of concentrated H2SO4. The terpenoids were shown by the presence of a reddish-brown 
coloration at interface formed. 

Steroids

Three mL of CHCI3 was added into 0.5 mL of each extract followed by 3 ml of concentrated 
H2SO4. With green fluorescence, the presence of steroids was indicated when the upper 
layer turned red whereas the H2SO4 layer turned yellow. 

Alkaloids

Two grams of dried T. gigantea leaves was extracted by boiling it for 2 minutes in a solution 
contained 20 ml 5% H2SO4 in 50% ethanol. The sample was filtered using Whatman Filter 
paper no. 42, and the filtrate was made alkaline using 5 ml of 28% NH3 in a separating 
funnel. The filtrate then was extracted again with 5 ml chloroform and 5 ml of 1M H2SO4. 
The final filtrate (2 ml) was added with 1 ml of Mayer’s reagent and shaken. No emergence 
of whitish precipitate confirmed the presence of alkaloids (Ezeonu and Ejikeme, 2016; 
Abdullahi et al., 2020).
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Quantitative Analysis of Secondary Metabolites

The total phenol was determined according to the methods used by Singleton and Rossi 
(1965) and Sreeramulu and Raghunath (2011) while saponins (Nwosu et al., 2010) with 
slight modification.

Total Phenols

The phenol content was determined based on the methods used by Singleton and Rossi 
(1965) and Sreeramulu and Raghunath (2011). One g of the sample was placed in a 50 
mL centrifuge tube, followed by 20 mL of 70% methanol (MeOH) containing 0.1% 
hydrochloric acid (HCI) for sample extraction. The tube was shaken vigorously for 4 hours 
at room temperature using an IKA® vortex mixer. The sample suspension was centrifuged 
at 10000 g for 15 minutes at 10°C. The supernatant was collected using a Pasteur pipette 
and then filtered it with a Whatman filter paper no. 1. The resultant filtrate was kept at 
-20°C for phenol determination. Gallic acid was used as a standard and it was prepared 
in a 100 mL volumetric flask by dissolving 500 mg of dry gallic acid (Merck®) in 10 mL 
of 99.9% MeOH and was topped up to the volume with distilled water (H2O). A gallic 
acid calibration curve was prepared by adding 0, 5, 10, 15, 20, and 25 mL of the above 
phenol stock solution into 100 mL volumetric flasks, and then diluting to the mark with 
H2O (Figure 1). The resulting solutions will have phenol concentrations of 0, 0.25, 0.50, 
0.75, 1.0 and 1.25 mg/mL. To prepare 20% sodium carbonate (Na2CO3) solution, 100 g of 
anhydrous Na2CO3 was dissolved in 400 mL H2O by heating it to boiling. After cooling, 
a few crystals of Na2CO3 were added into the solution. Twenty-four hours later, it was 
filtered into a 500 mL volumetric flask using a Whatman filter paper no. 1. The filtrate was 
made up to the mark with H2O. Next, 20 μL of each calibration solution, sample and blank 
were pipette into separate cuvettes, followed by 1.58 mL H2O and 100 μL Folin-Ciocalteu 

Figure 1. Standard calibration curve of gallic acid for the quantitation of phenols
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reagent (Merck®). The solutions in the cuvettes were mixed well. After 4 minutes, 300 
μL of the Na2CO3 was added to each cuvette and shaken vigorously. The solution in the 
cuvettes was incubated at 40°C for 30 minutes before reading the absorbance at 765 nm 
against the blank (the ‘0 mL’ solution) using the TECAN Multimode Microplate Reader 
Infinite M200 PRO instrument. The phenol concentration of the T. gigantea dried leaves 
meal was determined from the graph plotted absorbance versus concentration of gallic acid. 
Gallic acid was used in the phenol determination because it is the most used standard, more 
stable, provide consistent and reproducible results, a pharmacologically active antioxidant, 
and quantitatively equivalent to other phenolics (Claudine et al., 2005).

Total Saponins

The saponin content in the samples were analyzed based on the methods stated by 
Nwosu et al. (2010). Briefly, 1 g of the fried sample was weighed and placed into a 
cellulose thimble and covered with cotton wool. The thimble bearing the sample was 
inserted into Soxhlet extractor chamber before pouring 200 mL of petroleum benzine 
(boiling point 40-60°C into a pre-weighed 250 mL round bottom flask. The extraction 
was conducted for around 3 hours and the defatted material in the thimble was used for 
second extraction. The extraction was repeated using the same procedure with a new 
pre-weighed round bottom flask containing 150 mL 99.9% MeOH. Later, the flask was 
removed from the apparatus when the saponin content was almost dried. The flask was 
then dried in an oven at 70±1°C for 2 hours, cooled in a desiccator, and weighed. The 
calculation of saponin was as follows:

Saponin (%) = (Mass of saponin (g) / Mass of sample) x 100

Statistical Analysis 

All data were analyzed using T-test in R to compare the means between two groups. The 
statistical significance was determined at p<0.05.  

RESULTS AND DISCUSSION

Table 1 below shows the proximate analysis and gross energy content in young and matured 
dried T. gigantea leaves meal. The dry matter, organic matter, crude fat, nitrogen free extract, 
neutral detergent fibre and gross energy content of the leaves increased with age whereas 
the remaining components were vice versa. Tran (2003) indicated that the dry matter and 
nitrogen content of dried T. gigantea leaves meal in Vietnam were higher in younger than 
older leaves. In that experiment, the DM content of young and old leaves were 17.1% and 
18.5% respectively, while the N content were 4.32% and 2.48%. In this current experiment, 
the dry matter of young and mature leaves was 12.15% and 17.72% (Table 1). 
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Previous findings noted that the minimum and maximum values of T. gigantea leaves 
ranges were as follows; Berdos et al. (2019) stated that on dry matter basis, the leaves 
presented 93.3% DM, 19.59 % CP, 11.89% CF, 2.33 % EE, 20.15% ash, 39.34% NFE, 
3665 kcal/kg gross GE and 2310 kcal/kg ME while Balraj et al. (2018) reported that based 
on dry matter, the OM, CP, CF, EE, NDF and ADF of dried T. gigantea leaf were 80.3%, 
18.1%, 18.4%, 2.97%, 28.8% and 21.4% respectively. Heuze et al. (2016) showed DM, 
13 to 26.3%, CP, 12 to 21.7%, CF, 13 to 25.1%, NDF, 28.2 to 65.5%, ADF, 24.5 to 56.3%, 
ADL, 2.7 to 9.5%, EE, 1.5 to 5.8%, Ash, 9.3 to 32.3% and gross energy, 15.2 to 18.4 MJ/kg. 
When expressed on fed basis, proximate analysis showed that the leaves contained 15.80% 
CP, 15.42% CF, 1.15% EE, 18.07% ash and 35.86 NFE (Saguidan, 2015). The T. gigantea 
leaves dried in an oven at 60°C for 72 hours contained 94.1% residual DM, 72% OM, 20.3% 
CP and 49.9% NDF (Rodriquez et al., 2014). Edwards et al. (2012) demonstrated that the 
cutting interval from 6 to 12 weeks had no effect on the content of OM, ADF, NDF, ADL, 
soluble condensed tannins (SCT) and insoluble condensed tannins (ICT) of T. gigantea 
leaves at three different locations except on DM, CP and acid detergent insoluble nitrogen 
(ADIN). The minimum and maximum chemical composition values for the locations were 
DM, 85.6 to 87.7%, OM, 72.2 to 74.9%, CP, 18.5 to 22.6%, ADIN, 28 to 38%, ADF, 30 to 
53.8%, NDF, 62.2 to 65.5%, ADL, 24 to 28%, SCT, 0 to 0.01% and ICT, 0 to 0.01%. The 
fresh leaves contained 13.7% dry matter, 15.1% ash, 21.6% crude protein, 4.3% crude fat, 

Table 1
Proximate analysis of Trichanthera gigantea meal at different stages of leaves

No. Components Stages of Maturity SEM P value
Proximate analysis Young Leaves Mature Leaves

1 xMoisture (%) 87.85a 82.28b 0.45 <0.001
2 xDry matterfw (%) 12.15b 17.72a 0.45 <0.001
3 Moisture (%) 6.32 6.20 0.42 0.791
4 Dry matter (%) 93.68 93.80 0.42 0.791
3 Ash (%) 24.34a 20.30b 0.26 <0.001
4 Organic matter (%) 82.40b 86.31a 0.29 <0.001
5 Crude Protein (%) 21.24a 15.80b 0.58 <0.001
6 Crude Fat (%) 1.35b 4.05a 0.03 <0.001
7 Crude Fibre (%) 17.64a 14.45b 0.44 <0.001
8 Nitrogen free extract (%) 42.38b 51.30a 0.90 0.001
9 Neutral detergent fibre (%) 44.82b 59.72a 0.41 <0.001
10 Acid detergent fibre (%) 46.63a 39.55b 0.36 0.002
11 Acid detergent lignin (%) 19.53a 18.95b 0.12 0.040
12 Gross energy (MJ/kg) 15.57b 16.14a 0.06 <0.001

Note. Mean within the same rows with different superscript letters indicate statistical significance (p<0.05). 
Based on dry matter, SEM: Standard error of mean, P: Probability, x: fresh weight
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and 39% crude fibre (Leterme et al., 2005) while the dried ones were reported to contain 
78.9% dry matter, 23.9% crude protein, 23.8 crude fibre, 2.5% crude fat, 24.3% ash, and 
25.5% nitrogen free extract (Sarwatt et al., 2003). It also contained macro elements and 
microelements of minerals mainly calcium. Ly et al. (2001) found that fresh T. gigantea 
leaf contained 26.30% dry matter while on a dry matter basis, the content of ash, organic 
matter, NDF and N were 14.6%, 85.4%, 30.8% and 2.72% respectively. 

The plant varieties, season of the year (dry or raining season), irrigation, plantation, 
fertilizer application and harvesting techniques, etc. could contribute to varying in results 
obtained. The harvesting techniques can influence the production and quality of green 
fodders. For example, the long cutting interval will increase the proportion of mature leaves, 
leading to increasing fibre contents in leaves and decreasing of crude protein in leaves, 
hence declines the quality of feed (Kien et al., 2010; Nouman, 2012; Hien et al., 2013; Hien 
et al., 2019; Kien et al., 2020). Its special characteristic is that it contains high amounts 
of crude protein (about 23%) which consists of 17 amino acid components including 10 
essential and 7 non-essential amino acids which are required by poultry. Some researchers 
also reported that the leaves can be incorporated up to 25% in broiler diet. For instance, in 
2015, it has widely used in Venezuela, Peru, Equador and Philippines livestock feed, such as 
in pig, rabbit and poultry as a replacement for the conventional protein sources in the diet. 

Bageel and Borthakur (2022) reported that the contents of moisture and CP of giant 
Leucaena fodder were decreased with maturity while DM and NDF increased as the leaves 
gets older. Hut et al. (2012) also noted that the nutritional content of cassava leaves was 
affected by the age of leaves except for ash. DM, NDF and ADF increased with the maturity 
of the leaves while CP was vice versa. Crude protein reduced significantly (p<0.05) with the 
maturity age of the Celosia argentea L. plant leaves (Adediran et al., 2015). This decline 
can contribute to the accumulation of cell wall material as leaves mature (Edwards et al., 
2012). The uppermost eleven leaves of cassava tress were considered very young, young 
and mature leaves (Ravindran and Ravindran, 1988). Leaves that are one month old were 
considered young leaves while mature leaves are 3 to 4 months old (Leterme et al., 2005).

No significant (p>0.05) difference was seen in Ca and P of young and matured T. 
gigantea leaves as presented in Table 2. The minimum and maximum of Ca and P values of 
this plant’s leaves were 2.45 to 3.80% and 0.25 to 0.47% respectively (Hueze et al., 2016). 
Berdos et al. (2019) stated that on dry matter basis, the leaves presented 4.47% calcium and 
0.25% total P while Saguidan (2015) found it contained 4.7% Ca and 0.32% available P. 

In general, the differences in plant nutrient contents may be due to the age, parts, and 
the development stage of the plant itself. Phosphorus (P) is higher at the beginning and 
decreases with age while calcium (Ca) is on the opposite. P is a mobile element, and the 
deficiencies occur in older tissues, whereas Ca is an immobile element, and the deficiencies 
occur in newer tissues. The Ca and P contents in plants typically range from 0.005 to 5% 



2130 Pertanika J. Trop. Agric. Sci. 48 (6): 2119 - 2136 (2025)

Rohaida Abdul Rashid, Lokman Hakim Idris, Hasliza Abu Hassim and Mohd Hezmee Mohd Noor

and 0.05 to 0.5% of dry weight respectively. However, a similar pattern was observed in 
Moringa oleifera leaves which there was no difference in P content between young and 
old leaves of Moringa (Andi et al., 2018). 

The presence of phenol (450 ppm), saponin and steroid (0.62%) were detected by 
Leterme et al. (2005). Garcia et al. (2006) revealed that T. gigantea leaf contained alkaloids, 
bitter compounds (B. compounds), condensed tannins, coumarins, cyanogen, flavonoids, 
phenols, precipitants of proteins, saponins, slimes, steroids, tannins and terpens. Riascos 
Vallejos et al. (2020) reported that the leaf contains total alkaloids (0.3%), condensed 
tannnis (0.24%) and phenols (1.15%). Eighteen chemical compounds in T. gigantea have 
been identified by Quan et al. (2022) in their phytochemical screening study consisting of 
amino acids, betalains, carbohydrates, organic acids, coumarins, flavonoids, carotenoids, 
mucilages, gum-resins, phlobatannin, xanthoprotein, phenol and essential oil. 

However, in this study (Table 3), only phenol and saponin were detected in both cutting 
intervals of T. gigantea leaves meal while the remaining component was unavailable. 
Edwards et al. (2012) and Hueze et al. (2016) also noted that no tannin was detected in T. 
gigantea leaves. The presence of secondary metabolites compound in those leaves may 
be vary due to many factors such as temperature, humidity, light intensity, the supply of 
water, soil fertility, minerals and CO2 (Akula and Gokare, 2011; Li Yang et al., 2018). For 
example, deficiencies in potassium, sulfur and magnesium increases phenolic concentration. 
Genetic, environmental conditions and physiological factors may modify or influence the 
composition of the secondary metabolites in plants (Hongyan et al., 2012). 

In this current study, it was also noted that phenol and saponin compounds in younger 
leaves were higher than in older leaves which are 0.023% and 0.012 and 9.67% and 6.45% 
respectively (Table 4). In a study of cassava leaves by Ravindran and Ravindran (1987) 
found that the levels of some anti-nutritive compounds like tannin and hydrocyanic acid 
were decreased as the maturity of those leaves increased. The saponin and steroid (0.62%) 
were low (Leterme et al. 2005) while phenol was 450 ppm.  Riascos Vallejos et al. (2020) 
reported that the leaf contained total alkaloids (0.3%), condensed tannnis (0.24%) and 
phenols (1.15%). The tannin concentration of giant Leucaena fodder also reduced with 
maturity (Bageel and Borthakur, 2022). Similar trend was observed for HCN content in 

Table 2
Macrominerals content of dried Trichanthera gigantea leaves meal

No. Components (%)
Stages of Maturity

SEM P value
Young Leaves Mature Leaves

1 Calcium, Ca 4.62 4.92 0.166 0.411
2 Phosphorus, P 0.31 0.19 0.028 >0.05

Note. Mean within the same rows with different superscript letters indicate statistical significance (p<0.05). 
Based on dry matter, SEM: Standard error of mean, P: Probability



2131Pertanika J. Trop. Agric. Sci. 48 (6): 2119 - 2136 (2025)

Nutrients and Secondary Metabolites in T. gigantea (Ketum Ayam) Leaf

Table 3
Qualitative determination of secondary metabolites in Trichanthera gigantea leaves meal at different cutting 
intervals

No. Constituents Test
Stages of Maturity

Young Leaves Mature Leaves
1 Phenols + +
2 Saponins Foam Test + +
3 Steroids Lieberman Burchard’s Test - -
4 Alkaloids Mayer’s Test - -
5 Tannins Ferric Chloride Test - -
6 Flavanoids Shinoda’s Test - -
7 Anthraquinones Bontrager Test - -
8 Cardiac Glycosides Keller Killiani’s Test - -
9 Oxalates Oxalates Test - -
10 Anthocyanides - -
11 Terpenoids Salkowski Test - -
12 Phlobatannins - -

Note. + Detected, - Not detected

Table 4
Quantitative determination of secondary metabolites in Trichanthera gigantea meal at different cutting intervals

No. Components
Stages of Maturity

SEM P value
Young Leaves Mature Leaves

1 Total phenols (%) 0.023a 0.012b 0.002 0.012
2 Total saponins (%) 9.67a 6.45b 0.264 0.005

Note. Mean within the same rows with different superscript letters indicate statistical significance (p<0.05). 
Based on dry matter, SEM: Standard error of mean, P: Probability

the local variety of cassava which also declined with foliage maturity, but tannin was vice 
versa (Hue et al., 2012). 

Generally, the colour, rigidity and location of the leaves are factors that influence the 
selection of leaves based on age. The leaves at the top of a tree or shrub are young leaves 
while the old leaves are at the bottom (Tran, 2003). According to Bageel and Borthakur 
(2022), young leaves are light green, while mature and old leaves are green and dark 
green respectively. The position of young leaves is in the middle of the tip of the twig, 
while mature and old leaves are at the middle of the branch and at the base of the stem, 
respectively. Young leaves are hairy, smaller, and softer than mature and young leaves.

CONCLUSION

The results indicate that leaf maturity significantly influences nutrient composition and 
metabolite content, with younger leaves showing higher protein and saponin levels.   
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