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Abstract 
 

This study investigated the in vitro gas production characteristics of compounded rations containing with 

graded levels of Terminalia catappa leaf meal (TCLM), to assess its potential as a feed ingredient in 

ruminant nutrition. Terminalia catappa (Indian almond) is a tropical tree valued for its nutritional potential 

as a non-convectional feed resource. Four compounded rations with varying levels of TCLM at 0%, 3%, 6% 

and 9% inclusion levels with other conventional feed ingredients to formulate treatment 1, 2, 3, and 4 

respectively. These rations containing varying levels of TCLM were subjected to in vitro gas production 

analysis using rumen fluid obtained from healthy goats. Parameters such as fermentation rate, and total gas 

production were measured to assess the effect of TCLM inclusion on the rations. Results revealed that 

TCLM inclusion had influence on the chemical composition of the experimental diets. Significant differences 

(p < 0.05) in gas volume were observed at 3, 30, 36, 42, and 48 hours, with Treatment 2 (3% TCLM) 

showing the highest values (4.35, 33.67, 36.67, 39.00, and 42.00 mL/g DM), while the control diet produced 

the lowest gas volumes except at 3 hours. Carbon dioxide production ranged from 16 to 22 mL/200 mg DM, 

with the highest value in the control diet (0% TCLM) and the lowest in T2 (3% TCLM). Methane production 

varied significantly among treatments, with the highest value observed in T2 (3% TCLM) and the lowest in 

T1 (control). It can be concluded that TCLM at 3% inclusion optimizes crude protein content and gas 

production, indicating its potential as a valuable feed supplement for ruminants.  
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Introduction 

Livestock productivity is often 

constrained by the use of low-quality feeds 

that lack the essential nutrients required for 

optimal rumen microbial fermentation 

(Birhan and Adugna, 2014). This challenge 

becomes even more critical during the dry 

season, when the scarcity of nutritious feed 

resources further limits animal growth and 

reproductive performance. To address these 

limitations, there is increasing interest in 

evaluating alternative feed ingredients, 

including tree leaves with promising 

nutritional and bioactive properties. In this 

context, the present study investigates the in 

vitro gas production characteristics of 

compounded rations formulated with graded 

levels of Terminalia catappa leaf meal, with 

the aim of assessing its potential as a 

supplementary feed resource for ruminants. 

The dry season is a particularly 

stressful period for livestock, as limited 
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rainfall results in inadequate pasture and 

feed availability (Lamidi and Ologbose, 

2014). The negative consequences of this 

period are evident in weight loss, reduced 

milk production, and increased mortality 

among animals. Furthermore, malnutrition 

weakens the immune system, making 

animals more susceptible to disease 

outbreaks. In response, nomadic farmers 

often migrate long distances in search of 

greener pastures for their herds (Tugjamba et 

al., 2021). During these migrations, livestock 

are frequently exposed to harsh weather 

conditions and hazards such as snakebites, 

which further reduce the productivity of 

species like goats, cattle and sheep,   

The high cost of establishing 

improved pastures, feed concentrates, and 

supplements to alleviate dry-season feed 

shortages is beyond the financial capacity of 

most smallholder farmers. Consequently, 

they rely heavily on roadside grazing, 

browse plants, crop residues, and agro-

industrial by-products to sustain their 

animals during this period. Some of these 

alternative materials possess great potential 

as feed resources because they degrade 

rapidly in the rumen (Nagaraja, 2016), while 

others exhibit poor degradability, requiring 

some form of processing before inclusion in 

livestock diets (John et al., 2010). 

The limited availability of raw 

materials for the feed industry has led to a 

steady rise in production costs, which in turn 

increases the unit cost of livestock products 

(Devendra and Leng, 2011). This situation 

highlights the urgent need to enhance 

livestock productivity and ensure the 

availability of affordable, high-quality 

animal products such as meat and milk. 

Achieving this goal requires adequate feed 

supplementation for small ruminants, 

particularly goats, with emphasis on energy, 

protein, and mineral sources. 

According to Ahamefule et al. 

(2002), addressing the feed shortage in 

ruminant production calls for the exploration 

of non-conventional feed resources, 

especially those that remain available during 

the dry season. One such potential feed 

material is Terminalia catappa, commonly 

known as Indian almond or tropical almond. 

This tree, native to tropical regions, is a low-

cost and readily available non-conventional 

feed resource. It thrives in coastal and moist 

tropical climates and remains green for much 

of the year. The leaves of Terminalia 

catappa have been used as feed ingredients 

due to their nutritional potential, containing 

appreciable amounts of crude protein, fibre, 

minerals, and beneficial secondary 

metabolites. However, studies on its use as 

livestock feed remain limited (Babayemi, 

2007; Nwosu et al., 2008), mainly due to a 

lack of awareness regarding its feeding value 

and potential to enhance feed availability 

during the dry season. 

The in vitro gas production 

technique is a laboratory method used to 

evaluate the fermentation characteristics and 

nutritional potential of feed ingredients or 

formulated diets (Tolera et al., 1997; Larbi et 

al., 1998). This method is cost-effective, 

time-efficient, and has been widely adopted 

to estimate dry matter intake (Blümmel and 

Ørskov, 1993), digestibility (Khazaal et al., 

1993), and metabolizable energy (Babayemi 

and Bamikole, 2006). It also allows for more 

controlled experimental conditions compared 

to in vivo methods (Makkar, 2002). This 

study was conducted to evaluate the in vitro 

gas production characteristics, methane 

output, and chemical composition of 

compounded rations containing graded 

levels of Terminalia catappa leaf meal, with 

the aim of determining its optimal inclusion 

level for ruminant nutrition. 
 

Materials And Methods 

Source and Processing of Terminalia 

catappa Leaf 

A total of 20 kg of fresh Terminalia 

catappa leaves was harvested within the 
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premises of the Federal College of Animal 

Health and Production Technology, Moor 

Plantation, Ibadan, Oyo State, Nigeria. Only 

healthy, disease-free leaves were selected. 

The leaves were thoroughly washed to 

remove dirt and debris, then air-dried under 

shade to prevent loss of phytochemicals 

from direct sunlight. The dried leaves were 

subsequently ground into a fine powder to 

increase surface area. The dried Terminalia 

catappa leaf meal(TCLM) was then 

incorporated into the experimental diet at 

varying levels of 0, 3, 6 and 9 %inclusion 

level with other ingredients to formulate four 

dietary treatments1, 2, 3, and 4 respectively. 

The gross composition of the experimental 

diets is presented in Table 1 
 

Microbiology Laboratory 

The in vitro gas experiment was 

carried out at the Ruminant Microbiology 

Laboratory, Department of Animal Science, 

University of Ibadan, Ibadan, Oyo state, 

Nigeria. Freshly plucked Terminalia catappa 

leaves harvested within Federal College of 

Animal Health and Production Technology, 

Ibadan were cleaned to remove  dirt,  air 

dried for 15 days, milled and stored in an air 

tight container until when needed.  
 

Collection of Rumen Liquor 

Samples of ruminal content were 

obtained from growing West African Dwarf 

(WAD) rams placed on mixed ration diet 

under intensive management system, A 

representative sample of the rumen fluid 

from each animal was collected using 

suction method as described by Babayemi 

and Bamikole (2006). A soft rubber tube 

with an internal diameter of 1 cm was 

inserted through the oesophagus into the 

rumen, vacuum of 1.05 kg/m was applied to 

extract the rumen fluid. 
 

Preparation of buffer solution 

 McDougall’s buffer adopted by 

Babayemi (2007) which consisted of sodium 

bicarbonate (NaHCO3), sodium phosphate 

dibasic (NaHPO4), potassium chloride (KCl), 

sodium chloride (NaCl), and magnesium 

sulphate (MgSO4.7H2O) and calcium 

chloride (CaCl2.2H2O). The buffer solution 

was freshly prepared and stored in a dark 

bottle. 

The following were the quantities of 

reagents used in preparing the buffer: 

9.80g NaHCO3 + 2.77g Na2HPO4 + 0.57g 

KCl + 0.47g NaCl + 2.16g MgSO4.7H2O + 

0.16g CaCl2.2H2O + 1g Urea. 

The reagents were dissolved in 

distilled water, calcium chloride was added 

only after the other reagents were completely 

in solution.  Prior to use, a volume of buffer 

was warmed at 30
0
Cand flushed with CO2to 

remove Oxygen. During the warming and 

reducing step, urea was added to the 

McDougall’s buffer at the rate of 1.0g/L 

 

Preparation of liquor-buffer solution 

 The rumen liquor was strained 

through a four-layer cheese cloth. Rumen 

liquor and buffer were mixed together (1:2 

v/v) in a 4 liter bucket as inoculum, all under 

continuous flushing with streams of CO2. 

 

Preparation of syringes for incubation 

To each syringe containing 200 mg 

of the experimental diet, 30 mL of inoculum 

was added. Prior to use, the syringes were 

thoroughly washed, dried, and lubricated 

with Vaseline to ensure smooth movement 

of the plunger (Menke and Steingass, 1988). 

The syringes served as a simulation of the 

goat rumen environment. Using 50 mL 

capacity syringes, 30 mL of the inoculum 

was introduced into the substrate through a 

silicone tube, after which the plunger was 

gently pushed upward until the inoculum 

reached the syringe tip. The silicone tubing 

was then tightly secured with a Hoffman 

clip. 

Blank syringes were also prepared 

by dispensing the same volume of the 

ADAN J. Agric. 2025, 6 (2) 
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buffer–rumen liquor mixture into labeled 

syringes without any feed sample. Gas 

volume recorded from the blanks was 

deducted from the total gas produced by 

each sample to determine the net gas 

production. The gas volume generated from 

the incubation of 200 mg of feed dry matter 

over 48 hours was subsequently plotted 

against incubation time. 

 

Table1: Gross Composition of Experimental Diets 

PKC: Palm kernel cake         TCLM: Terminalia catappa leaf meal 
 

In vitro gas production study 

The rumen liquor was collected from 

animals using oesophageal technique, by 

using rubber tube through the mouth of the 

goat into the rumen and collecting the rumen 

liquor by suction as described by previous 

researchers (Babayemi and Bamikole, 

2006;Babayemi, 2007). This was done in the 

morning before the goats were given feed. 

After collecting a sumptuous amount needed 

for the analysis, the liquor was poured into a 

thermo flask that has been preheated with 

hot water to maintain the temperature of the 

rumen liquor while taking it to the 

laboratory. And to remove the solids, the 

liquor was sieved through 4 layers of cheese 

cloth. Carbon dioxide gas was bubbled into 

the liquor through a thin tube from a gas 

cylinder. The carbon dioxide gas was 

introduced to maintain the anaerobic 

condition of the liquor to keep the needed 

microbes alive and to perform optimally by 

the total expulsion of oxygen gas. This is 

because methanogens cannot function in an 

oxygen environment and to also to avoid the 

death of the anaerobes in the liquor.  

 

Duration of incubation 

 The syringes were incubated at 39 ± 

1
0
C for 48 hours. The volume of gas 

produced was determined by the 

measurement of the piston displacement 

level during the period of incubation.  Gas 

readings were recorded at 3hoursinterval 

from0 to 48 h after incubation. 
 

Estimation of methane gas produced 

Methane production from the 

substrate was estimated by introducing 4 mL 

of 10 M NaOH immediately after the 

syringes were removed from the incubator, 

using a 5 mL capacity syringe. The content 

was inserted into the silicon tube, which was 

fastened to the 60 ml capacity syringe. The 

clip was then opened while the NaOH was 

gradually released. The content was shaken 

vigorously/agitated while the plunger began 

to shift position to occupy the vacuum 

created by the absorption of CO2. The 

volume of methane was read on the 

calibration. To determine the actual gas 

produced, the average of the volume of gas 

Inclusion Levels of TCLM 

Ingredients (Kg) T1 (0%) T2 (3%) T3 (6%) T4 (9%) 

TCLM 0.00 1.59 3.18 4.77 

Maize bran 53.00 51.41 49.82 48.23 

PKC 5.00 5.00 5.00 5.00 

Cassava peel 7.25 7.25 7.25 7.25 

Wheat offal 30.00 30.00 30.00 30.00 

Limestone 3.00 3.00 3.00 3.00 

Salt 1.50 1.50 1.50 1.50 

Premix 0.25 0.25 0.25 0.25 

Total 100.00 100.00 100.00 100.00 
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produced from the blanks was deducted from 

the volume of gas produced per sample 

(Fievez et al., 2005 and Babayemi, 2007). 
 

Chemical analysis 

Subsamples of the experimental 

diets were taken to the laboratory for 

proximate analysis according to AOAC 

(2002) while neutral detergent fibre, acid 

detergent fibre and acid detergent lignin 

were determined as reported by Van Soest et 

al. (1991). 
 

Statistical analysis 

Data obtained were subjected to one 

way analysis of variance (SAS, 2005), where 

significant means were separated using 

Duncan’s multiple range test at 5% level of 

significance 
 

Results 

The chemical composition of the 

experimental diets was presented in Table 2. 

The Dry matter content ranged from 

88.21to89.88%. Crude protein content 

increased as the levels of Terminalia 

catappa leaf meal increased in the diets. The 

Ether extract values ranged from 2.21 to 

3.19%.  

 

 
 

 
Fig 1: Carbon dioxide gas production of compounded ration containing graded levels of  

           Terminalia catappa leafmeal 

Table 2: Chemical Composition of Experimental Diet

TCLM: Terminalia catappa leaf meal
Gas production of compounded rations containing graded levels of Terminalia catappa leaf meal is presented in 
Figure 1. The carbon dioxide (ml/200mg/DM) production ranged from 16 to 22 among the dietary treatm ents. 

Methane output was highest in T2 (3% TCLM) and lowest in the control diet (T1, 0% TCLM). 

Parameters (%) Inclusion levels of TCLM
T1 (0%) T2 (3%) T3 (6%) T4 (9%)

Dry matter 88.21 89.12 89.88 89.88
Crude protein 10.97 12.29 12.67 14.42

Ether extract 2.71 2.99 2.21 3.19

Ash 9.53 9.61 9.68 9.58
Nitrogen Free Extract 56.69 57.24 54.41 56.21

Neutral Detergent Fibre 66.00 64.00 64.67 66.67
Acid Detergent Fibre 31.67 34.00 26.00 29.33

Acid Detergent Lignin 6.67 6.33 4.67 6.67

Hemicellulose 34.33 30.33 38.67 37.34
Cellulose 25.00 27.67 21.33 22.66

0

10

20

30

T1 T2 T3 T4

CO2

Treatments 
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The Methane gas production of compounded ration containing graded levels of Terminalia 

catappa leaf meal is presented in Figure 2. The highest value recorded was in T2 with 3% 

TCLM while the lowest value was obtained in the control diet T1 (0% TCLM) 

 

 
 

Fig 2: Methane gas production of compounded ration containing graded levels of 

TCLM 
 

Gas production at different incubation 

timefor ration containing graded level o 

containing graded levels of Terminalia 

catappa leaf meal is presented in Table 3. 

The results at 3, 30, 36, 42, and 48 hours 

indicated that there were significant 

differences (p<0.05) with T2 having the 

highest value of (4.35, 33.67, 36.67, 39.00 

and 42.00) respectively and the control 

having the lowest value except at the first 3 

hours. There were no significant differences 

among others parameters. However the 

cumulative gas volume at 48 hours of 

incubation ranged between 30.00 and 

42.00M/g/DM. 

 

Table 3: In vitro Gas Production of Compounded ration containing Graded levels of 

              Terminalia catappa Leaf meal 

a,b 
 means along the same row with different superscripts are significantly different (p<0.05) 

 

0

10

20

T1 T2 T3 T4
Treatments 

                                              Inclusion level of TCLM 
Time (hrs) T1 (0%) T2 (3%) T3 (6%) T4 (9%) SEM 

3 
3.65

ab

 4.35
a

 3.50
ab

 3.10
b

 
0.19  

6 6.70  8.55  5.97  6.63  0.44  
9 12.50  13.00  9.33  10.93  0.66  

12 14.00  16.67  13.00  14.00  0.77  
15 16.67  21.00  17.17  18.33  1.06  
18 18.33  24.67  21.00  22.00  1.46  
21 20.33  27.67  24.17  25.17  1.44  
24 22.33  30.33  27.00  27.00  1.53  
30 

23.67
b

 33.67
a

 30.00
a

 30.00
ab

 
1.62  

36 
26.67

b

 36.67
a

 32.00
ab

 32.00
ab

 
1.53  

42 28.67b 39.00a 35.33ab 35.33ab 1.59 
48 30.00b 42.00a 37.67ab 37.67ab 1.70 
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Discussion 

The crude protein (CP) content of 

the diets in this study was found to be above 

8%, which meets the minimum requirement 

necessary for efficient rumen function in 

ruminants. Norton (2003) emphasized that 

feeds containing less than 8% crude protein 

fail to provide sufficient ammonia for 

optimal microbial activity in the rumen. The 

neutral detergent fibre (NDF) and acid 

detergent fibre (ADF) values of the 

concentrate diets recorded in this study were 

higher than those reported by Daodu and 

Babayemi (2009). The higher crude protein 

and ash content in T2 may have contributed 

to the increased gas production observed in 

this treatment. Bamikole and Babayemi  

(2004) noted that the rate of gas production 

during fermentation largely depends on the 

nature and composition of the fibre fraction. 

Generally, feeds with lower fibre and lignin 

contents tend to have greater intake and 

digestibility, as excessive lignification 

hinders the breakdown of structural 

carbohydrates. According to Combe (1981), 

lignin forms a physical barrier that prevents 

enzymatic action and microbial attachment, 

possibly explaining the lower gas production 

observed in T1. Furthermore, Okoruwa and 

Njidda (2012) highlighted that understanding 

the crude fibre composition of a diet is 

essential for evaluating its fibre fractions and 

predicting its overall nutritive value. 

The in vitro gas production results 

showed that treatment T2 recorded the 

highest gas volume, ranging from 4.35 to 

42.00 mL, while the control diet (T1) 

produced the lowest gas volume, ranging 

from 3.65 to 30.00 mL. Significant 

differences were observed at 3, 30, 36, 42, 

and 48 hours of incubation. Generally, 

feedstuffs with a high gas production 

capacity are often associated with increased 

methane generation. Methane production 

represents a loss of energy to the animal and 

has also been linked to environmental 

concerns, as many tropical feedstuffs are 

known to promote methanogenesis 

(Babayemi and Bamikole, 2006), thereby 

contributing to global warming. 

Among the treatments, the control 

diet (T1) exhibited the lowest methane 

production but the highest carbon dioxide 

output, whereas T2 showed the highest 

methane production and the lowest carbon 

dioxide output. Additionally, it was observed 

that gas production increased progressively 

with incubation time, a trend consistent with 

the findings of Delgado et al. (2010).These 

findings indicate that TCLM can serve as a 

useful supplement in ruminant diets. 

 

Conclusion 

It can therefore be concluded that 

Terminalia catappa leaf meal (TCLM) can 

be supplemented at 3% inclusion level in 

compounded ration for ruminants, as it 

positively influenced crude protein content 

and gas production during in vitro 

fermentation. 

 

Recommendation 

It is hereby recommended that 

further research should be carried out on 

factors influencing methane production in 

diets containing T. catappa leaf meal and to 

explore nutritional or microbial strategies for 

its mitigation. In addition, in vivo feeding 

trials should be conducted to evaluate animal 

performance, nutrient utilization, and 

economic feasibility of TCLM inclusion in 

ruminant diets. 
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