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ABSTRACT 
Growing concerns about antibiotic resistance in the livestock industry have prompted research-
ers to explore alternative solutions. This study investigated the effects of Megathyrsus maximus 
as a phytobiotic supplement on the production performance and health of Sasso broilers raised 
in tropical environments. 216 Sasso mixed-sex broiler chicks were randomly assigned to six 
treatment groups (six replicates per treatment): Treatment 1 (T1) as a negative control (no anti-
biotics), Treatment 2 (T2) as a positive control (100 mg/kg oxytetracycline), and Treatments 3–6 
received 1.25, 2.50, 3.75, and 5.00 g/kg of M. maximus grass meal on top the basal diet, respect-
ively, without antibiotics. At day 56, broilers in T6 had the highest final body weight (1.87 kg) 
and superior FCR of 1.93. Nutrient digestibility was optimised at higher doses of M. maximus, 
with the highest CP (67.68%) and EE (74.50%) digestibility in the T6 group (p< 0.001). 
Megathyrsus maximus also improved intestinal morphology, with higher VH:CD in all segments. 
However, microbial counts and carcase characteristics remained largely unaffected, though 
meat quality was significantly improved in terms of reduced drip loss and shear force at sup-
plementation levels of 5.00 g/kg. Blood biomarkers analysis and decreased liver enzyme activity 
in the M. maximus groups, particularly in T6, suggests lowered inflammation and enhanced liver 
function. This study concludes that M. maximus supplementation, particularly at the highest 
inclusion level (T6) shows potential as an effective antibiotic replacement in tropical poultry 
production.

HIGHLIGHTS
� Supplementing Sasso broilers with 5.00 g/kg of Megathyrsus maximus improved their growth 

and feed efficiency over antibiotic and non-antibiotic controls.
� Megathyrsus maximus significantly enhanced health metrics, including nutrient digestibility 

and gut health, while lowering stress indicators.
� 5.00 g/kg of M. maximus supplementation improved meat quality and lipid profile, showing 

promise as an antibiotic alternative in poultry feed.
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Introduction

The poultry industry is a crucial contributor to global 
food production as it is a significant source of protein. 
However, one of the main challenges faced by this 
industry is maintaining a consistent production output 
whilst ensuring efficient and healthy growth rates in 
broilers. Generally, antibiotics have been widely used 
as a growth promoter to achieve these goals (Selaledi 
et al. 2020). However, growing global concerns of 

antibiotic resistance have driven researchers to explore 

alternative solutions (Frieri et al. 2017). One promising 

alternative is phytobiotics, known for their phytocom-

pounds that can enhance growth performance, 

improve gut health, and immune function (Ni et al. 

2016; Aljumaah et al. 2020; Kikusato et al. 2021). 

Henceforth, by leveraging on the natural bioactive 

compounds found in plants, phytobiotics present a 

potential strategy for improving the productivity of 

CONTACT Eric Lim Teik Chung eric88lim@gmail.com 
� 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the 
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

ITALIAN JOURNAL OF ANIMAL SCIENCE 
2025, VOL. 24, NO. 1, 149–163 
https://doi.org/10.1080/1828051X.2024.2444457

http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2024.2444457&domain=pdf&date_stamp=2024-12-26
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com
https://doi.org/10.1080/1828051X.2024.2444457


the poultry industry without the associated risk of 
antibiotic resistance (Chung et al. 2018).

Megathyrsus maximus, or known as Guinea grass 
and green panic grass is a forage grass that is native 
to tropical and subtropical parts of Africa that was 
introduced across Asia, Europe, North America, and 
South America (Soti and Thomas 2022). As a major 
pantropical grass, it is widely used throughout the 
tropics for pasture, cut-and-carry, silage, and hay due 
to its fast growing and leafy grass, which is palatable 
and nutritious to livestock (Aswanimiyuni et al. 2018). 
Guinea grass has an excellent reputation in the rumin-
ant livestock industry due to its nutritional content 
and ease of cultivation, yet its potential in the poultry 
industry has yet to be explored. Henceforth, besides 
being a key fodder species for ruminants, phytocom-
pounds present in the plant-typically considered as 
antinutritional factors at high concentrations-may offer 
a promising alternative to antibiotics in the broiler 
industry, as they have been found to enhance gut 
function and health when present in modest levels 
(Grashorn 2010; Huang et al. 2018). A study by Abu 
Hafsa and Hassan (2021) found that Guinea plant con-
tains 29.6 mg/g of alkaloids, followed by 7.2 mg/g of 
tannins, 11.4 mg/g of saponins, 4.8 mg/g of phytates, 
and 3.1 mg/g of hydrogen cyanide. Another analysis 
by Kanife and Doherty (2012) reported alkaloids at 
2.83%, saponins at 2.60%, tannins at 0.85%, and flavo-
noids at 0.54% in Guinea plant leaves. The differences 
in these findings might be due to varying manage-
ment practices, such as cutting age or fertilisation, 
which were not detailed in either study (Onyeonagu 
and Ukwueze 2012; Onyeonagu et al. 2013).

On the other hand, Kanife and Doherty (2012) 
noted that the principal physiologically active com-
pounds in Guinea grass, including alkaloids, tannins, 
saponins, and flavonoids, may have antifungal proper-
ties. Alkaloids, in particular, may contribute to anti-
microbial activity against pathogens like Klebsiella 
pneumoniae and Candida albicans. Moreover, feeding 
broilers with alkaloid-rich leaf meals, such as Sauropus 
androgynus and Polyalthia longifolia, has been 
observed to promote growth, suggesting they could 
serve as antibiotic replacements (Sugiharto et al. 
2019). Additionally, alkaloids and saponins in the 
aqueous leaf extract of Azadirachta indica have been 
shown to reduce Eimeria oocyte counts by binding 
to and disrupting critical macromolecules on the para-
site’s membrane, leading to its death (Onyiche et al. 
2021). Given the beneficial phytocompounds found 
in Guinea grass, this study aims to investigate its 
impact on the growth performance, apparent ileal 

digestibility, gut histomorphology, caecal microbial 
population, carcase and meat quality, and blood indi-
ces of Sasso broilers. The findings may support its 
potential as a practical alternative feed additive for 
the poultry industry.

Materials and methods

Plant preparation

Megathyrsus maximus was grown at Field 15, 
Department of Animal Science, Faculty of Agriculture, 
Universiti Putra Malaysia (UPM). The leaves were 
manually harvested at four weeks old and dried in 
an oven at 60 �C until they reached a constant weight. 
They were then processed into a powder (50–300 
mesh) using an electric grinder (RRH-800A) and stored 
at room temperature for later use. The levels of 
dry matter (DM), crude fibre (CF), crude protein (CP), 
ether extract (EE), and ash content in M. maximus 
were determined using the Official Methods of 
Analysis of AOAC International (Horwistz 2010). The 
nutritional composition of M. maximus is summarised 
in Table 1.

Phytochemical and antioxidant activity analyses

The quantification of saponins, tannins, flavonoids, 
and alkaloids in M. maximus was performed using a 
modified version of the method by Kordali et al. 
(2005). Additionally, the DPPH radical scavenging 
activity of M. maximus leaf meals was evaluated 
according to the protocol outlined by Jack et al. 
(2020), with slight adjustments. Table 1 details the 
phytochemical content and antioxidant activity of M. 
maximus.

Table 1. Nutrient composition, quantitative analysis of phyto-
chemical screening and antioxidant activity of M. maximus 
leaf meal.
Parameters M. maximus

Nutrient composition
Metabolizable energy, MJ/kg 18.24 ± 0.23
Dry matter, % 26.10 ± 0.15
Crude protein, % 8.61 ± 0.28
Crude fibre, % 30.00 ± 0.45
Ether extract, % 1.75 ± 0.15
Ash, % 6.42 ± 0.16
Phytochemical screening
Saponins, % 1.06 ± 0.04
Tannin, % 1.41 ± 0.02
Alkaloid, % 4.59 ± 0.17
Flavonoid, % 1.00 ± 0.04
Antioxidant activity
DPPH radical scavenging activity, % 12.78 ± 0.00

MJ/kg: megajoules per kilogram; DPPH: 2,2-Diphenyl-1-picrylhydrazyl.
All values were expressed as mean ± standard error.
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Broilers and husbandry

All procedures involving animal care, handling, and 
sampling were conducted in accordance with the 
guidelines and regulations approved by the 
Institutional Animal Care and Use Committee (IACUC) 
of Universiti of Putra Malaysia before the start of the 
research (Approval number: UPM/IACUC/AUP-R047/ 
2022). In a completely randomised design (CRD) 
experiment, 216 day-old Sasso mixed-sex broiler chicks 
were sourced from a local hatchery. The chicks were 
weighed and randomly assigned to six treatment 
groups, each comprising six replications and six 
broilers per replicate. They were raised in an open- 
sided house for 56 days, housed in stainless-steel 
tiered cages measuring 113� 82� 45 cm, with a stock-
ing density of six chickens per cage (0.154 m2 per 
chicken). Throughout the study, the average tempera-
ture and relative humidity were 30.9 �C and 71.24%, 
respectively. Lighting program was implemented 
based on guidance from the Sasso Management 
Guide Rural Poultry by Hendrix Genetics (2022) and 
were maintained with natural day light, 40-W fluores-
cent lamps, and a 60-W bulb placed centrally in each 
cage cell, above the heads of the birds. After two 
weeks, the 60-W bulb was turned off and lighting was 
sustained with natural day light and florescent lamps. 
Light hours was provided constantly for 24 h from the 
day of chick arrival until the seventh day, then low-
ered to 20 h each day from the eighth to the four-
teenth, followed by maintaining 12 h of natural 
daylight until the day of slaughter. On day 7, chicks 
were immunised intraocularly against infectious bron-
chitis (IB) and Newcastle disease (ND), and on day 14, 
they were immunised against infectious bursal disease 
(IBD) via eye drop (Chung et al. 2021). Feed and fresh-
water were provided ad libitum throughout the study.

Diets

The broilers were fed commercial diets based on 
maize and soybean meal, provided in crumble form. 
The starter diet was given from day 0 to day 28, and 
the finisher diet from day 29 to day 56. Broilers in 
Treatment 1 (negative control) received commercial 
diets without antibiotics, while those in Treatment 2 
(positive control) broilers were fed commercial feeds 
containing 100 mg/kg oxytetracycline antibiotic. 
Treatments 3, 4, 5, and 6 were given the same com-
mercial diets, supplemented with 1.25, 2.50, 3.75, and 
5.00 g/kg of M. maximus grass meal, on top of the 
base diet, respectively, without antibiotics. The dry 
matter (DM), crude fibre (CF), crude protein (CP), ether 

extract (EE), and ash content were analysed using the 
respective methods specified by AOAC International, 
following protocols AOAC 934.01 for DM, AOAC 
978.10 for CF, AOAC 990.03 for CP, AOAC 920.39 for 
EE, and AOAC 942.05 for ash content (Horwistz, 2010). 
Table 2 provides a breakdown of the basal diets’ com-
position, while Table 3 presents the nutritional com-
position of the treatment groups for both the starter 
and finisher phases.

Growth performance

Throughout the eight-week study, body weight (BW) 
and feed intake (FI) were recorded weekly for each 
replicate. Accurate measurements were obtained using 
a digital weighing scale with a precision of two deci-
mal points (Mettler Toledo Industrial Scale, BBA211 
series, Greifensee, Switzerland). These records were 
used to calculate body weight gain (BWG) and feed 
intake. The feed conversion ratio (FCR) was then calcu-
lated and recorded. On the 56th day of the study, six 
chickens (three males and three females) were ran-
domly selected from each treatment group for slaugh-
ter. This was conducted to evaluate nutritional 
digestibility, gut histomorphology, caecal microbiota 
population, carcase characteristics, and meat quality. 
The slaughtering process adhered to Halal standards 
and was carried out at the slaughterhouse of the 
Department of Animal Science, Faculty of Agriculture, 
UPM. Blood samples were collected to assess concen-
trations of acute phase proteins, corticosterone, and 

Table 2. Composition of the basal diets for starter and fin-
isher phases from day 1 to day 28 and day 29 to day 56, 
respectively.
Ingredients, % Starter Finisher

Corn 46.00 52.10
Wheat bran 4.50 6.00
Soybean meal 40.00 32.00
L-Lysine 1.32 1.05
DL-Methionine 0.55 0.45
Choline chloride 0.18 0.20
Calcium carbonate 0.80 0.80
Palm oil 3.35 5.10
Dicalcium phosphate 2.60 1.60
Salt 0.30 0.30
Mineral premixa 0.15 0.15
Vitamin premixb 0.15 0.15
Toxin binder 0.10 0.10
Total 100 100
aMineral mix (provided per kg of the product): Selenium 0.30 g; iron 
80.0 g; manganese 100.0 mg; zinc 80.0 g; copper 16.0 g; potassium 6.0 g; 
sodium 1.80 g; iodine 1.25 g and cobalt 0.25 g.

bVitamin premix (provided per kg of the product): Vitamin D3 9.0 MIU; 
vitamin A 35.0 MIU; vitamin K3 6.0 g; vitamin E 90.0 g; vitamin b2 22.0 g; 
vitamin B1 7.0 g; vitamin B12 0.070 g; vitamin B6 12.0 g; nicotinic acid 
120.0 g; pantothenic acid 35.0 g; folic acid 3.0 g; cobalamin 0.05 mg; bio-
tin 300.000 mg; phytase 25,000.0 FTU; folic acid 0.56 mg; thiamine 
1.43 mg; riboflavin 3.44 mg; pantothenic acid 6.46 mg; biotin 0.05 mg; nia-
cin 40.17 mg, and pyridoxine 2.29 mg.

ITALIAN JOURNAL OF ANIMAL SCIENCE 151



heat shock proteins, as well as other biochemical 
markers including liver function and serum lipid 
profile.

Apparent ileal digestibility

Three days before slaughter, 300 mg/kg titanium diox-
ide (TiO2) was added to the finisher diets as an indi-
gestible marker. Following slaughter, ileal material was 
collected and stored at −20 �C for subsequent nutri-
tional analysis. Samples were ashed at 580 �C for 13 h, 
treated with sulphuric acid, and dissolved by boiling 
before filtration. A working TiO2 standard solution 
(0.3 mg/ml) was prepared and used to create a stand-
ard curve for spectrophotometric analysis at 410 nm 
(Alghirani, Chung, Sabri, et al. 2021). The apparent ileal 
digestibility (AID) of dry matter (DM), crude fibre (CF), 
crude protein (CP), ether extract (EE), and ash was 
then determined by calculating the titanium marker 
ratios in the diet and ileal content using the provided 
equations, as outlined by Hartinger et al. (2022):

Apparent ileal digestibility AIDð Þ

¼ 100% −
% TiO2 in feed

TiO2 in ileal content

� ��

�
% of nutrient in ileal content

% nutrient in feed

� �

� 100

�

Gut histomorphology

The procedure for gut histomorphology followed 
standard protocols at the Histopathology Lab, Faculty 
of Veterinary Medicine, UPM (Alghirani, Chung, Jesse, 
et al. 2021). Initially, 5 cm segments from the duode-
num, jejunum, and ileum were excised, rinsed with 

neutral buffered saline, and preserved in 10% formalin 
solution overnight. Subsequently, all samples were 
dehydrated in a tissue processing machine and 
embedded in paraffin wax before sectioning. The 
intestinal samples were then cut into 4 mm slices, 
mounted on glass slides, stained with haematoxylin 
and eosin using a hot plate at 60 �C, and prepared for 
observation under a Nikon DS-U2/L2 light microscope. 
NIS-Elements D software was used to examine, cap-
ture, and measure villi height and crypt depth. Villi 
height was determined from the tip to the crypt tran-
sition, while crypt depth was measured at the invagin-
ation between two villi.

Caecal microbial population

After slaughtering on day 56, caecal samples were col-
lected from each treatment group and promptly trans-
ported to the Microbiology Lab, Faculty of Veterinary 
Medicine, UPM. The samples were placed in an ice 
box with ice to maintain their temperature during 
transportation. In the laboratory, the samples were 
subjected to microorganism isolation and identifica-
tion, salmonella identification, standard plate count, 
and coliform count, following the protocol outlined by 
Park and Kim (2020). Specifically, microorganism isola-
tion and identification were carried out to determine 
the microbial composition of the caecal contents, with 
a focus on beneficial and pathogenic bacteria. 
Salmonella species were identified using selective 
media and biochemical tests to assess the presence of 
pathogenic microorganisms. The standard plate count 
method was employed to quantify the total viable aer-
obic bacteria present in the caecal content, providing 
a measure of overall microbial load. Additionally, 

Table 3. Nutrient composition of Sasso broilers diets added with different levels of M. maximus grass meal.

Parameters

Treatments

T1 T2 T3 T4 T5 T6

Starter diet (1–28 days)
Metabolisable energy, MJ/kg 13.00 ± 0.84 12.45 ± 0.51 12.15 ± 0.50 12.17 ± 0.79 12.13 ± 0.66 13.02 ± 0.69
Dry matter, % 90.67 ± 0.33 91.33 ± 0.71 90.83 ± 0.60 91.17 ± 0.31 90.50 ± 0.34 90.67 ± 0.21
Crude protein, % 21.96 ± 1.70 22.13 ± 0.08 22.56 ± 0.09 22.65 ± 0.40 22.93 ± 1.42 22.02 ± 0.95
Crude fibre, % 3.50 ± 0.50 3.40 ± 0.68 3.80 ± 0.20 3.60 ± 0.40 3.25 ± 0.63 3.83 ± 0.17
Ether extract, % 4.93 ± 0.12 4.70 ± 0.27 4.86 ± 0.31 4.57 ± 0.87 4.53 ± 0.19 4.60 ± 0.33
Ash, % 5.70 ± 0.34 5.94 ± 0.24 6.43 ± 0.35 7.13 ± 0.46 6.99 ± 0.36 6.07 ± 0.25
Finisher (29–56 days)
Metabolisable energy, MJ/kg 13.04 ± 0.13 12.00 ± 0.15 12.71 ± 0.36 12.00 ± 0.11 12.76 ± 0.25 12.09 ± 0.25
Dry matter, % 89.85 ± 0.43 88.04 ± 0.34 89.00 ± 0.17 88.55 ± 0.20 89.34 ± 0.44 89.20 ± 0.23
Crude protein, % 19.78 ± 0.43 19.36 ± 0.17 19.92 ± 0.25 20.16 ± 0.33 19.63 ± 1.34 19.63 ± 0.82
Crude fibre, % 3.29 ± 0.11 3.69 ± 0.14 4.03 ± 0.36 3.76 ± 0.32 3.68 ± 0.46 3.46 ± 0.21
Ether extract, % 5.24 ± 0.17 5.78 ± 0.42 5.13 ± 0.15 6.11 ± 0.41 5.52 ± 0.33 5.09 ± 0.62
Ash, % 13.00 ± 0.84 12.45 ± 0.51 12.15 ± 0.50 12.17 ± 0.79 12.13 ± 0.66 18.02 ± 0.69

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal.
All values were expressed as mean ± SE.
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coliform counts were performed using selective media 
to evaluate the abundance of coliform bacteria, which 
serve as indicators of gut health and hygiene. The 
viable bacteria colonies were then enumerated and 
expressed as the logarithm of colony-forming units 
(cfu)g−1 per gram of caecal content.

Carcase and meat quality

After slaughtering, all carcase parameters were manu-
ally dissected, and the following measurements were 
recorded: final live weight, de-feathered weight, dress-
ing percentage, the weight of the breast muscle (both 
left and right pectoralis major and minor), drumsticks, 
wings, head, shank, gastrointestinal tract, heart, liver, 
full and empty gizzard (Chung et al. 2020). 
Subsequently, the right pectoralis major (breast 
muscle) and right soleus muscle (drumstick) were 
extracted from each replicate for all meat quality 
assessments. Protocols outlined by Chung et al. (2021) 
were adhered to for measuring pH, colour, drip loss, 
cooking loss, and tenderness.

Blood biomarkers

Blood samples for plasma were collected into blood 
collection tubes containing anticoagulant EDTA (BD 
vacutainerVR , New Jersey, USA) and kept on ice. Blood 
samples were centrifuged at 3000 g for 10 min at 
4 �C. For further analysis, the plasma was decanted 
into 1.5 mL microcentrifuge tubes and stored at 
−80 �C. Acute phase proteins (serum amyloid A, 
alpha-1–acid glycoprotein, and ceruloplasmin), cortico-
sterone, and heat shock protein (heat shock protein 
70) responses were all measured from the blood sam-
ples using commercial enzyme-linked immunoabsorb-
ent one-step process assay (ELISA) kit purchased from 
QAYEE-BIO for Life Science (China) and was used 
according to manufacturer’s instructions. Results were 
then computed and calculated using MyAssays 
software.

Blood biochemistry

Alanine transaminase (ALT), alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), and aspar-
tate aminotransferase (AST) parameters were deter-
mined in the Haematology and Clinical Biochemistry 
Laboratory, Faculty of Veterinary Medicine, University 
of Putra Malaysia using a BA400 biochemical and tur-
bidimetry analyser from Spain (Manual code 
TEUS00048-07–EN). Besides, the plasma total 

cholesterol, triglycerides (TG), and high-density lipo-
protein cholesterol (HDL) were measured using an 
automatic analyser (Automatic analyser 902, Hitachi, 
Germany). The Friedewald Equations were used to 
estimate LDL and VLDL:

LDL ¼ Total cholesterol − HDL − VLDL

VLDL ¼
Triglycerides

5 

Statistical analysis

All data collected was uploaded in RStudio version 
4.1.3 where the data was analysed using one-way ana-
lysis (ANOVA) based on the completely randomised 
design model. Tukey’s HSD post-hoc test was used to 
determine the significant difference among treatment 
groups if any. Results were considered significant at 
p< 0.05. For mortality, Chi-square test was used as a 
non-parametric statistical test.

Results

Growth performance

Table 4 shows the effect of M. maximus leaf meal sup-
plementation on the growth performance of Sasso 
broilers on days 28 and 56. Treatments showed signifi-
cant differences (p< 0.05) in all growth performance 
indicators throughout the starter and finisher phases. 
Despite having a higher feed consumption throughout 
both stages, broiler chicks treated with M. maximus 
leaf meal exhibited a greater body weight increase 
(þ10.65%) and final body weight (þ10.9%) in compari-
son to the negative control. Thus, higher levels of M. 
maximus supplementation also resulted in lower FCR. 
There was no significant different in the FCR between 
T6 and T2 broilers indicating the supplementation of 
5.00 g/kg of M. maximus leaf meal could enhance the 
growth performance of broilers which is comparable 
to the usage of antibiotics.

Apparent ileal digestibility

According to Table 5, the addition of M. maximus 
leaves considerably (p< 0.001) impacted the apparent 
ileal nutritional digestibility of broilers on day 56. 
Across all of the treatments, all of the parameters 
revealed results that were significantly different 
(p< 0.05). Comparing T6 to the other treatments, it 
was more digestible for CP, CF, and EE, but less so for 
DM and ash. This shows how the inclusion level of 
5.00 g/kg of M. maximus leaf meal enabled better 
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nutritional absorption in the ileum as CP, CF, and EE’s 
digestibility were improved by 21.40, 14.53, and 
13.53% respectively in contrast to T1.

Gut histomorphology

Table 6 illustrates the effect of M. maximus leaf meal 
supplementation on the small intestine histomorphol-
ogy of Sasso broilers on day 56. In the duodenum, T3 
to T6 broilers showed no significant differences 

(p> 0.05) when compared to the positive control 
group (T2). Whereas in the jejunum, only T6 showed 
comparable (p> 0.05) in comparison to T2. On the 
other hand, T5 (þ26.73%) and T6 (þ34.65%) broilers 
exhibited better (p< 0.05) villi height in the ileum 
when compared to T2. Additionally, T6 showed the 
lowest (p< 0.05) crypt depth in the duodenum, 
jejunum, and ileum. Therefore, T6 had the best 
(p< 0.05) small intestine histomorphology results as 
T6 showed the highest villi height: crypt depth ratio in 

Table 4. Effect of M. maximus leaf meal supplementation on the growth performance of Sasso broilers on days 28 and 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

28-day-old (starter phase)
Initial body weight, kg 0.04 ± 0.00 0.04 ± 0.00 0.04 ± 0.00 0.04 ± 0.00 0.04 ± 0.00 0.04 ± 0.00 0.835
Final body weight, kg 0.65 ± 0.02ab 0.62 ± 0.02b 0.60 ± 0.01b 0.65 ± 0.02ab 0.65 ± 0.02ab 0.71 ± 0.02a 0.011
Body weight gain, kg 0.61 ± 0.02ab 0.57 ± 0.02b 0.56 ± 0.01b 0.60 ± 0.02ab 0.61 ± 0.02ab 0.67 ± 0.02a 0.011
Feed intake, kg 1.00 ± 0.04a 0.78 ± 0.03c 0.88 ± 0.02bc 0.89 ± 0.02ab 0.86 ± 0.01bc 0.91 ± 0.02ab <0.001
Cumulative FCR 1.63 ± 0.00a 1.35 ± 0.01c 1.42 ± 0.01a 1.48 ± 0.02b 1.42 ± 0.04bc 1.37 ± 0.02c <0.001
Mortality bird 0 1 0 1 0 1 0.849
56-day-old (finisher phase)
Final body weight, kg 1.69 ± 0.04ab 1.62 ± 0.05b 1.63 ± 0.05b 1.70 ± 0.04ab 1.80 ± 0.05ab 1.87 ± 0.04a 0.002
Body weight gain, kg 1.65 ± 0.04ab 1.58 ± 0.05b 1.59 ± 0.05b 1.67 ± 0.04ab 1.76 ± 0.05ab 1.83 ± 0.04a 0.002
Feed intake, kg 3.39 ± 0.09ab 3.03 ± 0.1b 3.22 ± 0.11ab 3.36 ± 0.09ab 3.38 ± 0.05ab 3.54 ± 0.07a 0.006
Cumulative FCR 2.06 ± 0.01a 1.92 ± 0.01b 2.02 ± 0.01a 2.02 ± 0.02a 1.93 ± 0.03b 1.93 ± 0.01b <0.001
Mortality bird 1 1 1 0 0 4 0.098

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal; FCR: feed conversion ratio; FCR: Feed Conversion Ratio.
All values were expressed as mean ± SE; superscripts a, b, and c values within the row are significantly different at p< 0.05.

Table 5. Effect of M. maximus leaf meal supplementation on the apparent ileal nutrient digestibility of Sasso broilers on day 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

Dry matter, % 70.23 ± 0.05a 71.49 ± 0.10a 67.95 ± 0.19b 66.25 ± 0.79b 62.58 ± 0.43c 60.60 ± 0.27d <0.001
Crude protein, % 55.75 ± 0.20e 64.44 ± 0.16b 58.24 ± 0.06d 60.54 ± 0.3c 66.24 ± 0.35b 67.68 ± 0.34a <0.001
Crude fibre, % 26.63 ± 0.35e 27.71 ± 0.29d 28.39 ± 0.03 cd 29.23 ± 0.14bc 29.45 ± 0.23b 30.50 ± 0.10a <0.001
Ether extract, % 65.63 ± 0.14e 72.53 ± 0.12b 69.40 ± 0.19d 70.30 ± 0.03c 72.68 ± 0.28b 74.50 ± 0.04a <0.001
Ash, % 37.64 ± 0.33a 38.27 ± 0.24a 37.40 ± 0.21a 37.07 ± 0.14a 35.05 ± 0.37b 34.48 ± 0.13b <0.001

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal.
All values were expressed as mean ± SE; superscripts a, b, c, d, and e values within the row are significantly different at p< 0.05.

Table 6. Effect of M. maximus leaf meal supplementation on the small intestine histomorphology of Sasso broilers on day 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

Villi height, lm
Duodenum 481.95 ± 152.41b 626.25 ± 198.04a 587.13 ± 185.67a 584.82 ± 184.94a 598.08 ± 189.13a 619.03 ± 195.76a <0.001
Jejunum 572.01 ± 180.88b 593.43 ± 187.63ab 501.21 ± 158.50c 510.16 ± 161.33c 588.66 ± 186.15b 628.19 ± 198.65a <0.001
Ileum 313.19 ± 99.07c 362.20 ± 114.54b 330.49 ± 104.51bc 357.79 ± 113.14b 459.02 ± 145.16a 487.71 ± 154.23a <0.001
Crypt depth, lm
Duodenum 118.48 ± 37.47a 117.95 ± 37.30a 112.50 ± 35.58ab 109.96 ± 34.77ab 111.75 ± 35.34ab 101.64 ± 32.14b 0.001
Jejunum 126.98 ± 40.16a 78.81 ± 24.92b 77.24 ± 24.42b 70.33 ± 22.24c 67.01 ± 21.19c 65.76 ± 20.80c <0.001
Ileum 130.25 ± 41.19a 73.40 ± 23.21bc 80.01 ± 25.30b 73.23 ± 23.16c 65.82 ± 20.82d 57.18 ± 18.08e <0.001
Villi height: crypt depth
Duodenum 4.07 ± 1.29c 5.32 ± 1.68b 5.22 ± 1.65b 5.35 ± 1.69b 5.36 ± 1.69b 6.09 ± 1.93a <0.001
Jejunum 4.51 ± 1.43e 7.56 ± 2.39c 6.50 ± 2.05d 7.26 ± 2.30c 8.80 ± 2.78b 9.59 ± 3.03a <0.001
Ileum 2.41 ± 0.76e 4.96 ± 1.57c 4.14 ± 1.31d 4.91 ± 1.55c 6.99 ± 2.21b 8.55 ± 2.70a <0.001

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal.
All values were expressed as mean ± SE; superscripts a, b, c, d, and e values within the row are significantly different at p< 0.05.
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relation to T1 across the duodenum (þ49.63%), 
jejunum (þ112.64%), and ileum (þ254.77%) represent-
ing a better gut histomorphology.

Caecal microbial population

On day 56, the caecal microorganism population of 
broilers treated with M. maximus is shown in Table 7. 
Escherichia coli was found in every treatment group. 
Non-lactose fermenting E. coli was not found in T2 
and T6 broilers. Throughout all treatments, no Bacillus 
sp. or Salmonella were found. The coliform and stand-
ard plate counts were almost identical, while T6 dem-
onstrated the highest coliform and standard plate 
numbers in which could signified a better gut health.

Carcase quality

The effect of M. maximus supplementation on the car-
case traits of Sasso broilers on day 56 is shown in 
Table 8. Significant differences (p< 0.001) were discov-
ered in liver weight. For the liver parameter, T2 
(1.68%) showed the lowest percentage and T3 (2.67%) 
showed the greatest, although T4 (2.09%), T5 (1.93%), 
and T6 (2.09%) did not vary significantly (p> 0.05) 
from T2 (1.68%) in this regard. Other parameters, such 
as final live weight, dressing percentage, breast 
weight, and other organs did not show significant 

differences among treatments. Thus, the overall data 
suggests that increasing levels of M. maximus in the 
diet had a positive impact on liver weight. This effect 
is further supported by accompanying data on 
reduced liver enzyme production, highlighting poten-
tial benefits in these areas.

Meat quality

Table 9 illustrates the effect of M. maximus leaf meal 
supplementation on Sasso broiler meat quality on day 
56. There were significant differences (p< 0.05) 
between treatment groups in drip loss percentages at 
24 and 48 h, L�, and shear force of breast muscle, 
whereas drumstick revealed significant differences 
(p< 0.05) in cooking loss percentage, drip loss per-
centage at 48 h, and b�. Group T2 had the lowest drip 
loss percentage in both the 24 and 48 h evaluations, 
but their results were not substantially different 
(p> 0.05) from the other groups supplemented with 
M. maximus leaf meal. Shear force was lowest in T6 
breast meat, indicating that T6 possessed greater soft-
ness. While T2 showed the lowest drip loss at 48h, it 
did not significantly differ (p> 0.05) to T3–T6. Besides, 
drumstick meat analysis showed that T6 had the best 
results as it showed the lowest cooking loss and the 
highest yellowness (b�) value which are desired. 
Overall, T6 supplemented with 5.00 g/kg of M. 

Table 7. Effect of M. maximus supplementation on the caecal microorganisms of Sasso broilers on day 56.

Parameters

Treatment

T1 T2 T3 T4 T5 T6

Isolation and identification E. coli (4þ) E. coli (4þ) E. coli (3þ) E. coli (4þ) E. coli (4þ) E. coli (3þ)
NFL E. coli (2) NFL E. coli (2þ) NFL E. coli (2) NFL E. coli (2þ)

Salmonella identification Negative Negative Negative Negative Negative Negative
Coliform count, cfu/g 8.3� 106 2.5� 107 1.6� 107 3.2� 107 7.6� 107 1.6� 108

Standard plate count, cfu/g 4.3� 106 1.2� 108 2.1� 107 5.1� 107 3.6� 107 1.4� 109

cfu: colony-forming unit; NLF E. coli: non-lactose fermenting E. coli; T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of 
oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. 
maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass meal.

Table 8. Effect of M. maximus supplementation on the carcase characteristics of Sasso broilers on day 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

Final live weight, kg 1.67 ± 38.51 1.69 ± 8.48 1.72 ± 49.69 1.67 ± 9.39 1.76 ± 89.24 1.79 ± 25.93 0.487
Dressing, % 78.47 ± 1.09 79.75 ± 0.59 77.53 ± 1.17 78.85 ± 1.62 79.12 ± 1.26 81.37 ± 1.13 0.329
Breast, % 16.91 ± 0.42 17.70 ± 0.87 16.69 ± 0.19 17.90 ± 0.16 17.53 ± 0.57 17.44 ± 0.91 0.693
Drumstick, % 10.92 ± 0.59 10.52 ± 0.47 10.32 ± 0.32 10.61 ± 0.25 11.04 ± 0.34 11.13 ± 0.48 0.723
Wing, % 9.00 ± 0.46 9.55 ± 0.17 9.35 ± 0.40 9.38 ± 0.16 9.28 ± 0.47 9.68 ± 0.31 0.805
Full gizzard, % 1.58 ± 0.09 1.85 ± 0.15 2.05 ± 0.20 2.03 ± 0.14 1.88 ± 0.20 1.94 ± 0.14 0.349
Empty gizzard, % 1.27 ± 0.05 1.47 ± 0.06 1.47 ± 0.07 1.54 ± 0.09 1.51 ± 0.09 1.55 ± 0.11 0.190
GIT, % 6.70 ± 0.24 7.06 ± 0.34 7.00 ± 0.31 7.34 ± 0.17 6.90 ± 0.25 7.76 ± 0.55 0.294
Heart, % 0.58 ± 0.02 0.51 ± 0.02 0.52 ± 0.01 0.55 ± 0.04 0.56 ± 0.03 0.60 ± 0.04 0.267
Liver, % 2.34 ± 0.10ab 1.68 ± 0.03c 2.67 ± 0.27a 2.09 ± 0.12bc 1.93 ± 0.08bc 2.09 ± 0.08bc <0.001

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal; GIT: Gastrointestinal tract.
All values were expressed as mean ± SE; superscripts a, b, and c values within the row are significantly different at p< 0.05.
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maximus leaf meal presented a better breast and 
drumstick meat quality as compared to the other 
treatments.

Blood biomarkers

Table 10 shows the effect of M. maximus leaf meal 
supplementation on blood biomarkers in Sasso 
broilers on day 56. There were significant differences 
in all parameters examined (p< 0.05) across treatment 
groups, with the T6 group having the lowest values 
for all blood biomarker markers assessed. However, 
there were no statistically significant variations 
(p> 0.05) between T2 and T6 for SAA, AGP, and 
HSP70. Furthermore, there were no significant differ-
ences (p> 0.05) in CP between T2 and T3 to T6, while 
T4 to T6 differed considerably (p< 0.05) from T3. 
Corticosterone levels were the lowest in T6 (135.13 pg/ 
ml) and substantially different from T1 to T5 (168.33– 
195.73 pg/ml) broilers. T6 reduced SAA, AGP, CP, cor-
ticosterone, and HSP 70 levels by 20.32, 28.12, 23.47, 

30.96, and 29.87%, respectively, as compared to T1. 
Therefore, it can be concluded that T6 broilers were 
the less stressful in which performed better than the 
other treatment groups.

Blood biochemistry

The impact of M. maximus leaf meal supplementation 
on the blood biochemistry of Sasso broilers on day 56 
is shown in Table 11. There were significant changes 
(p< 0.05) in all liver functions examined, including 
ALP, AST, GGT, and ALT. T6 had the lowest levels of 
ALP, AST, GGT, and ALT, with values of 129.89, 162.21, 
8.86, and 1.24 U/L, respectively. However, AST levels 
between T6 (162.21 U/L) and T2 (172.65 U/L) did not 
differ substantially (p> 0.05). When the lipid profile 
was examined, significant variations (p< 0.05) were 
detected across all treatments. Despite T2 having the 
lowest cholesterol levels among all treatments, the 
cholesterol levels of T6 (4.01 mmol/L) and T2 
(3.94 mmol/L) did not significantly different (p> 0.05) 

Table 9. Effect of M. maximus leaf meal supplementation on the meat quality of Sasso broilers on day 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

Breast
Cooking loss, % 21.40 ± 0.69 22.24 ± 0.97 22.65 ± 1.01 22.85 ± 0.53 21.44 ± 0.41 20.16 ± 0.67 0.146
Muscle pH 6.08 ± 0.09 5.92 ± 0.05 6.04 ± 0.02 6.02 ± 0.09 6.08 ± 0.04 6.11 ± 0.07 0.418
Drip loss at 24 h, % 5.90 ± 0.39a 1.94 ± 0.31c 5.04 ± 1.16ab 2.98 ± 0.58abc 2.40 ± 0.36bc 2.34 ± 0.28c 0.001
Drip loss at 48 h, % 6.94 ± 0.57a 3.32 ± 0.36b 5.71 ± 0.92ab 4.36 ± 0.41ab 3.85 ± 0.61ab 3.55 ± 0.60b 0.007
Colour L� (lightness) 61.03 ± 0.78a 56.03 ± 0.88b 59.62 ± 0.49a 58.06 ± 1.09ab 56.55 ± 0.80b 56.44 ± 0.49b <0.001
Colour a� (redness) 9.48 ± 0.15 9.30 ± 0.22 9.71 ± 0.11 9.24 ± 0.68 9.26 ± 0.00 9.12 ± 0.24 0.430
Colour b� (yellowness) 21.41 ± 0.23 21.34 ± 0.38 22.53 ± 0.40 20.91 ± 0.68 21.17 ± 0.45 21.24 ± 0.40 0.179
Shear force 504.27 ± 18.37a 455.42 ± 13.68a 544.41 ± 50.61a 483.44 ± 10.70a 449.73 ± 10.15ab 349.15 ± 1.37b <0.001
Drumstick
Cooking loss, % 23.04 ± 1.01bc 22.94 ± 0.82bc 26.81 ± 0.64a 24.74 ± 0.8ab 24.61 ± 0.53ab 20.93 ± 0.96c <0.001
Muscle pH 6.53 ± 0.09 5.60 ± 0.14 6.53 ± 0.09 6.62 ± 0.06 6.56 ± 0.12 6.71 ± 0.09 0.828
Drip loss at 24 h, % 1.33 ± 0.27 0.55 ± 0.12 1.07 ± 0.24 1.04 ± 0.19 0.95 ± 0.36 0.76 ± 0.17 0.577
Drip loss at 48 h, % 2.26 ± 0.41a 1.03 ± 0.17b 1.90 ± 0.22ab 1.72 ± 0.26ab 1.70 ± 0.07ab 1.06 ± 0.11ab 0.023
Colour L� (lightness) 52.97 ± 0.73 51.91 ± 0.96 53.32 ± 0.95 53.64 ± 1.14 52.33 ± 0.52 52.54 ± 0.80 0.797
Colour a� (redness) 11.10 ± 0.43 12.10 ± 0.54 11.71 ± 0.3 11.32 ± 0.27 11.46 ± 0.37 11.34 ± 0.36 0.594
Colour b� (yellowness) 16.41 ± 0.37b 17.22 ± 0.26ab 17.36 ± 0.56ab 17.49 ± 0.41ab 17.50 ± 0.23ab 17.92 ± 0.18a 0.028
Shear force 531.71 ± 24.71 573.84 ± 26.21 642.79 ± 13.78 558.39 ± 21.08 475.06 ± 13.61 415.00 ± 11.35 0.207

T1: negative control (basal diet only); T2: positive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; 
T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass 
meal.
All values were expressed as mean ± SE; superscripts a, b, and c values within the row are significantly different at p< 0.05.

Table 10. Effect of M. maximus leaf meal supplementation on the blood biomarkers of Sasso broilers on day 56.

Parameters

Treatments

p-ValueT1 T2 T3 T4 T5 T6

SAA, ng/mL 8.66 ± 0.47a 7.46 ± 0.24ab 8.05 ± 0.28ab 7.93 ± 0.23ab 7.08 ± 0.12b 6.90 ± 0.24b 0.003
AGP, ll/mL 35.81 ± 0.77a 29.09 ± 1.22b 29.27 ± 1.11b 28.91 ± 0.79b 26.46 ± 0.47b 25.74 ± 0.51b <0.001
CP, ll/mL 10.44 ± 0.21a 9.12 ± 0.25bc 10.32 ± 0.46ab 9.18 ± 0.21abc 8.22 ± 0.29c 7.99 ± 0.23c <0.001
Corticosterone, pg/mL 195.73 ± 5.70a 193.45 ± 6.84a 190.57 ± 6.95a 168.93 ± 5.28a 168.33 ± 10.28a 135.15 ± 5.10b <0.001
HSP 70, pg/mL 191.13 ± 4.28a 151.03 ± 4.50b 157.00 ± 8.26b 151.00 ± 3.88b 145.03 ± 6.59b 134.03 ± 7.24b <0.001

SAA: serum amyloid A; AGP: alpha-1-acid glycoprotein; CP: ceruloplasmin; HSP 70: heat shock protein 70; T1: negative control (basal diet only); T2: posi-
tive control (basal diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; T4: basal diet þ 2.5g/kg of M. maximus grass 
meal; T5: basal diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass meal.
Note: All values were expressed as mean ± SE; a, b, and c values with superscript within the row are significantly different at p< 0.05.
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from each other. Similarly, triglyceride levels in T6 and 
T2 were 0.46 and 0.50 mmol/L, respectively with no 
significant differences (p> 0.05). HDL levels were the 
highest in T6 (3.64 mmol/L), though not significantly 
different (p> 0.05) from T2 (3.13 mmol/L). LDL and 
VLDL were lowest in T2 at 0.37 and 0.09 mmol/L, 
respectively, but VLDL did not significantly differ 
(p> 0.05) from T6. Overall, this indicates that the sup-
plementation of M. maximus at 5.00 g/kg of feed had 
similar effects to antibiotic treated group.

Discussion

Growth performance

T6 broilers supplemented with 5.00 g/kg of M. maximus 
displayed a better growth performance overall possibly 
due to the presence of phytocompounds in the grass 
meal, particularly alkaloids. Quantitative analysis of M. 
maximus used in this experiment confirmed that alka-
loids were the most prevalent phytocompound present 
in Guinea grass as per reported by previous studies 
(Kanife and Doherty 2012; Abu Hafsa and Hassan 2021). 
The results presented show that increasing inclusion 
levels of the grass meal increased feed intake of broilers 
possibly due to improved feed status, mainly flavour 
and palatability (Jamroz et al. 2003; Windisch et al. 
2008; Valenzuela-Grijalva et al. 2017; Alghirani et al. 
2022a). Similar results were found in an experiment 
where dried guava leaf meals increased final body 
weight and average daily BWG correspondingly to 
those fed with higher levels of leaf meals. Rahimi et al. 
(2011) supports that notion by theorising that the add-
ition of phyhtocompounds enhanced FI and FCR by 
stimulating appetite and increasing digestive secretion, 
thus improving nutrient digestion and easing absorp-
tion, as evidenced by improved BWG and final body 

weight in T6. Another possible method M. maximus 
might enhance broilers’ growth performance is through 
gut fermentation modulation via antimicrobial effects 
(Valenzuela-Grijalva et al. 2017). As the presence of vari-
ous physiologically active phytocompounds in M. maxi-
mus, such as alkaloids, tannins, saponins, and flavonoids 
may contribute to antifungal and antimicrobial actions 
against harmful pathogens in the gut which promote 
the growth status of broiler chickens in this experiment 
(Kanife and Doherty 2012). Additionally, the improved 
broilers’ growth performance of broilers could also be 
credited to the anti-inflammatory and antimicrobial 
qualities of M. maximus grass meal akin to dried guava 
leaf meal due to the presence of several phytocom-
pounds (Abang et al. 2023). Sugiharto et al. (2019) even 
proposed that alkaloid-rich leaf meals might be used as 
antibiotic substitutes, which is reinforced by the find-
ings of the current experiment, which revealed no sig-
nificant differences in cumulative FCR between the 
positive control and T6 broilers.

Apparent ileal digestibility

The current experiment revealed a decrease in DM and 
ash digestibility as grass inclusion amount increased. 
This might be related to the inclusion of insoluble fibres 
in broiler diets, which results in a shorter transit time of 
the digesta in the small intestine (Amerah et al. 2009). 
Backing up this theory is a review by Hetland et al. in 
2004. These authors presented that insoluble fibre 
alters gut function and modulates nutrient digestion in 
the intestine. Thus, digestion of starch is higher and 
digesta passage rate is accelerated when a moderate 
amount of insoluble fibre is present in the diet (Hetland 
and Svihus 2001). Due to this accelerated intestinal 
transit, there is less risk for colonisation of pathogenic 
bacteria in the gut. Aside from that, the present 

Table 11. Effect of M. maximus leaf meal supplementation on the blood biochemistry of Sasso broilers on day 56.

Parameters Normal range

Treatments

p-ValueT1 T2 T3 T4 T5 T6

Liver functions
ALP, U/L 55–2345 174.19 ± 3.20b 187.87 ± 5.27ab 204.29 ± 5.63a 174.05 ± 2.55b 140.85 ± 4.53c 129.89 ± 1.14c <0.001
AST, U/L 98–294 282.66 ± 13.19a 172.65 ± 5.15 cd 223.93 ± 3.28b 215.54 ± 5.92b 201.38 ± 4.41bc 162.21 ± 3.21d <0.001
GGT, U/L 8–48 14.61 ± 0.32bc 12.88 ± 0.35 cd 22.7 ± 0.59a 14.90 ± 0.15b 12.33 ± 0.53d 8.86 ± 0.27e <0.001
ALT, U/L <11 3.47 ± 0.07b 2.50 ± 0.09c 3.95 ± 0.04a 3.67 ± 0.09b 1.60 ± 0.06d 1.24 ± 0.05e <0.001
Lipid profile
Cholesterol, mmol/L 1.09–5.65 4.56 ± 0.15a 3.94 ± 0.09b 4.13 ± 0.09ab 4.04 ± 0.07ab 4.03 ± 0.11ab 4.01 ± 0.16b 0.017
TG, mmol/L N/A 0.51 ± 0.02bc 0.46 ± 0.01c 0.59 ± 0.02a 0.53 ± 0.02ab 0.51 ± 0.01bc 0.50 ± 0.02bc 0.001
LDL, mmol/L N/A 0.55 ± 0.02b 0.37 ± 0.01d 0.68 ± 0.02a 0.57 ± 0.01b 0.51 ± 0.01bc 0.48 ± 0.02c <0.001
HDL, mmol/L N/A 3.00 ± 0.16b 3.13 ± 0.05ab 3.50 ± 0.10ab 3.59 ± 0.06ab 3.61 ± 0.22a 3.64 ± 0.12a 0.008
VLDL, mmol/L N/A 0.10 ± 0.00bc 0.09 ± 0.00c 0.12 ± 0.00a 0.11 ± 0.00ab 0.10 ± 0.00bc 0.10 ± 0.00bc 0.001

TG: triglyceride; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; ALP: alkaline phosphatase; AST: aspartate aminotrans-
ferase; GGT: gamma-glutamyl transferase; ALT: alanine transaminase; N/A: not available; T1: negative control (basal diet only); T2: positive control (basal 
diet þ 100mg/kg of oxytetracycline); T3: basal diet þ 1.25/kg of M. maximus grass meal; T4: basal diet þ 2.5g/kg of M. maximus grass meal; T5: basal 
diet þ 3.75g/kg of M. maximus grass meal; T6: basal diet þ 5.00g/kg of M. maximus grass meal.
Note: All values were expressed as mean ± SE; a, b, c, d, and e values with superscript within the row are significantly different at p< 0.05.
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experiment also showed the highest digestibility for CP, 
CF, and EE. Dietary fibre has been known to improve 
nutritional digestibility by increasing pancreatic enzym-
atic activity and reversing peristalsis (Hetland et al. 
2003; Amerah et al. 2009; Mateos et al. 2012). This ena-
bles bile salts to be transported to the gizzard by 
reverse peristalsis and combined with gastric secretions. 
Thus, fat emulsification is improved by lowering the 
ability of fat droplets to coat nutrients, allowing 
nutrients to be more easily digested and absorbed 
(Hetland et al. 2004). Several other studies backed these 
findings as feed intake and digestibility have been 
shown to improve with the addition of grass or leaf 
meals as it increases the endogenous secretion produc-
tion in the small intestine, liver, and pancreas (Hetland 
et al. 2003; Amerah et al. 2009; Mateos et al. 2012). 
Results from the present study supports this statement 
as feed intake increases with the addition of M. maxi-
mus. Alkaloids which are abundantly present in M. maxi-
mus may also be responsible for the improvements in 
digestibility as they have antifungal and antimicrobial 
actions against pathogenic bacteria in the gut (Kanife 
and Doherty 2012). Supporting that claim, Sauropus 
androgynus and Polyalthia longifolia are other examples 
of alkaloid-rich leaf meals may be utilised as antibiotic 
replacements due to their favourable effects to broilers’ 
growth (Sugiharto et al. 2019). Therefore, the mode of 
mechanism for improvements in digestibility with the 
addition of M. maximus may be attributed to the anti-
microbial effects that alter gut fermentation functions, 
as supported by enhanced growth performance.

Gut histomorphology

T6 in the current research showed the highest VH:CD 
throughout the small intestine. Previous studies utilis-
ing various leaf meals of differing inclusion levels have 
also shown overall positive effects on the VH:CD ratio 
(Basit et al. 2020; Abdelatty et al. 2021; Ogwuegbu 
et al. 2021; Saharan et al. 2022). On the other hand, 
there were some other studies which found insignifi-
cant or detrimental effects on the gut with the inclu-
sion of plant-based meals in broiler diets (Saadatmand 
et al. 2019; Sugiharto et al. 2020). Nonetheless, due to 
the various plants utilised in each experiment, it is 
important to determine the fibre content and type as 
well as the appropriate inclusion levels to fully gain its 
benefits. The action of several phytocompounds pre-
sent in M. maximus, notably alkaloids (which are the 
most prevalent) may be related to the increased villus 
height and decreased crypt depth. Phytocompounds, 
such as alkaloids, tannins, saponins, and flavonoids 

have antimicrobial effects that are beneficial to the 
gut of broilers. Thus, making alkaloid-rich plants a suit-
able candidate for antibiotic replacements (Kanife and 
Doherty 2012; Sugiharto et al. 2019). Earlier experi-
ments utilising extracts from A. indica which contain 
alkaloids and saponins have also been shown to 
reduce the oocyte counts of Eimeria, a common 
enteric parasite that causes coccidiosis in broilers 
(Onyiche et al. 2021). A reduction of pathogenic bac-
teria in the intestine reduces the risk of intestine- 
related diseases and, as a result, foster a healthier gut 
(Chrubasik et al. 2005; Pohl et al. 2012). Furthermore, 
less pathogenic microorganisms mean less intestine 
damage and the need of energy for lumen restoration 
(Hidayati et al. 2022). Supplementation of M. maximus 
leaf meal significantly enhanced VH:CD in Sasso 
broilers, particularly in the ileum, with improvements 
of 255% when comparing T1 and T6. This translates to 
greater nutrient absorption and, as a result, better 
growth performance, as proven by this experiment.

Caecal microbial population

The present experiment did not identify any 
Salmonella in the caecal microbiota. Alkaloids are nat-
urally present and found in plants as water-soluble 
salts of organic acids. Because of the presence of one 
or more nitrogen atoms in their chemical structure, 
they have alkaline characteristics. Alkaloids can be fur-
ther classified based on their chemical structures, bio-
logical activity, biosynthesis pathway, and complexity 
into heterocyclic and non-heterocyclic alkaloids. 
Beneficial effects on the growth of broilers have also 
been observed when broiler chickens are fed with 
alkaloid-rich leaf meals, such as Sauropus androgynus 
and Polyalthia longifolia, which may be employed as 
antibiotic replacements (Sugiharto et al. 2019). The 
antibacterial action of alkaloids is known to inhibit 
topoisomerase and disrupt DNA synthesis, lowering 
the quantity of harmful bacteria in the gut (Suresh 
et al. 2018). Additionally, chelerythrine a class of alka-
loids, inhibits protein kinase C, which is implicated in 
the Toll-like receptor 2 pathway, which recognises 
microorganisms and controls immune responses. 
Therefore, various subclasses of isoquinoline alkaloids 
have been shown to enhance the intestinal environ-
ment, subsequently improving nutrition utilisation 
through various pathways (Rundle et al. 2023). By 
reducing the number of pathogenic microbes in the 
gut, intestinal absorptive cells are able to grow, pro-
moting bird development. T6 which had the best 
growth performance in the current experiment also 
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had no NFL E. coli detected, similar to T2 (antibiotic- 
treated group). Hence, it can be inferred that the 
impact of M. maximus grass meal on the caecal micro-
bial population is likely linked to the elevated alkaloid 
content found in the grass.

Carcase quality

The application of M. maximus in broiler feed did not 
show much effects on the carcase traits of Sasso 
broilers. Significant differences were only found in the 
liver weight percentage, with T3 displaying the high-
est liver relative weight. In a previous experiment 
using Arbour Acres broilers and Mucuna leaf meals, 
Oloruntola et al. (2022) found that increasing the dose 
of Mucuna leaf meal supplementation resulted in a 
greater dressing percentage. Mucuna leaf meals are 
reported to be high in alkaloids, flavonoids, saponins, 
tannins, terpenoids, and other phytochemicals. 
Additionally, Faria et al. (2011) also found better car-
case yield with the addition of cassava leaf meal. 
Phytocompounds can have anabolic effects via modi-
fying animal metabolism, mimicking b-adrenergic 
agonist chemicals, or boosting plasma norepinephrine 
levels by inhibiting catechol-o-methyltransferase. In 
summary, these two approaches alter the animal’s 
metabolism by increasing protein synthesis and lipoly-
sis while lowering lipogenesis, hence promoting 
muscle tissue growth (Valenzuela-Grijalva et al. 2017; 
Oloruntola et al. 2022). This could explain the signifi-
cantly lower relative liver weight in T4-T6 in compari-
son to the negative control as reduced fatty acid 
storage in the liver may lower liver weight to some 
extent, though not definite (Zaefarian et al. 2019). 
Nevertheless, the liver weight percentage in this study 
was still within the normal weight range as an 
extreme increase in liver weight would indicate a 
surge of detoxification activity in the hepatocytes 
(Prihambodo et al. 2021). On the other hand, several 
other studies found opposing effects, in which the 
addition of various leaf meals lowered carcase quality, 
which reflected a decline in production performances 
(Donkoh et al. 2002; Kagya-Agyemang et al. 2007; 
Zaefarian et al. 2019). In short, the data indicates that 
the inclusion of M. maximus into broiler diets does not 
adversely affect broiler development.

Meat quality

Based on the results from this experiment it was dem-
onstrated that alkaloids are responsible for the 
observed reduction in drip loss and cooking loss, as 

incremental levels of M. maximus leaf supplementation 
produced better results. Oxidative damage to skeletal 
muscle tissues diminishes meat quality. Rapid post- 
mortem metabolism which affects pH and protein 
denaturation in the muscle results in pale, soft, and 
exudative meat (PSE). This relates to acidosis of the 
chicken meat which occurs when anaerobic glycolysis 
in the muscle is activated, causing more Hþ and lactic 
acid to build, resulting in a decrease of muscle pH. A 
reduction in muscle pH causes limited water holding 
capacity, which leads to PSE (Van Laack et al. 2000; 
Strasburg and Chiang 2009). A study on isoquinoline 
alkaloids demonstrated their beneficial effects on oxi-
dative damage and protein catabolism, showing 
improvements in muscle conditions (Kikusato et al. 
2021). Muscle degradation may occur as a metabolic 
reaction to recruit amino acids from the skeletal 
muscle to supply energy substrates or to synthesise 
peptides and proteins, such as acute phase proteins. 
In response to physiological and pathological stimuli, 
corticosterone is released, inducing proteolysis via the 
intracellular signalling system. Findings from this study 
showed that corticosterone secretions were sup-
pressed and plasma total protein content were 
restored in broilers supplemented with isoquinoline 
alkaloids under stressful conditions (Kikusato et al. 
2021). Additionally, plasma concentration of uric acid, 
an endogenous antioxidant, was increased with the 
administration of corticosterone (Liu et al. 2014). 
Furthermore, the addition of grass meal could have 
contributed to the slightly darker and more yellow 
meat due to the presence of xanthophyll and chloro-
phyll, enhancing the overall appearance and making 
the meat a more desirable en-product (Hu et al. 2012; 
Manyelo et al. 2022). The study discovered that isoqui-
noline alkaloids may prevent oxidative damage since 
plasma uric acid levels were lowered after administra-
tion. Thus, the improved meat quality in M. maximus 
supplemented chickens could be attributed to high 
levels of alkaloids present in the grass.

Blood biomarkers

Various studies have reported that alkaloid derivatives 
and/or plants high in alkaloids have been utilised as 
an AGP substitute in poultry and livestock production 
due to their positive impacts on production perform-
ances (Vacek et al. 2010; Kantas et al. 2015). Liu et al. 
(2022) suggested that supplementation of Macleaya 
cordata extract which are high in isoquinoline alka-
loids reduced inflammation marked by decreased lev-
els of ALT, interleukin-1b, and interleukin-6. This 
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shows hepatoprotective effects of alkaloids through 
inhibition of TLR4, NF-jB, myeloid differentiation fac-
tor 88 (MyD88), Nrf-2, and other related inflammatory 
signalling pathways (Hu et al. 2020). Heat-stressed 
broilers treated with isoquinoline alkaloids also 
showed improved growth performance, which was 
linked to reduced oxidative damage, protein catabol-
ism, intestinal barrier function, and inflammation 
(Kikusato et al. 2021). These findings align with the 
results from the current experiment, wherein Sasso 
broilers supplemented with M. maximus exhibited 
blood biomarker levels that were either similar to or 
significantly lower than those of the group treated 
with antibiotics.

Earlier models have suggested a significant role for 
elevated HSP70 levels in the chaperone machinery, 
influencing the selection of proteins affected by oxida-
tive or other toxic damage. Consequently, reduced lev-
els of HSP70 imply a lesser extent of damage (Surai and 
Kochish 2017; Alghirani et al. 2022b). As observed, T6 
broilers from this study revealed the lowest values for 
the measured blood biomarkers, indicating that the 
observed positive effects could be attributed to ele-
vated levels of alkaloids.

Blood biochemistry

The present study demonstrated that supplementing M. 
maximus leaf meal at the highest level of 5.00 g/kg of 
feed improved liver function by reducing liver enzyme 
levels in the bloodstream. The outcomes of this investi-
gation could be linked to the elevated concentration of 
alkaloids found in M. maximus leaves, aligning with 
prior studies that have indicated positive effects with 
the use of alkaloid-rich supplementation in broilers. For 
example, Liu et al. (2022) observed a decrease in serum 
ALT with dietary Macleaya cordata extract, indicating 
reduced hepatocyte damage; similar to the results 
shown in the present study. However, in contrast to the 
current experiment, M. cordata extract notably 
increased serum levels of TG, HDL, and LDL. The 
authors attributed this to heightened metabolism dur-
ing the growth and development of broiler chickens, 
contributing to enhanced growth performance 
(Khadem et al. 2014). Nevertheless, results from the pre-
sent investigation were in line with Tokofai et al. (2020) 
which showed lowered total cholesterol and LDL levels 
with the supplementation of Vernonia amygdalina leaf 
meal. A plausible explanation for the mechanism of 
phytobiotics with hypocholesterolaemic effects lies in 
the volatile oils present in plants. These oils may hinder 
the function of 3-hydroxy-3-methylglutaryl-coenzyme A 

reductase (HMG-CoA reductase), a liver enzyme that 
regulates cholesterol production, consequently leading 
to a reduction in blood cholesterol levels (Fujioka et al. 
2003). Thus, the mixed results of lipid profile effects 
from this study to prior experiments could be due to 
varying levels and interactions of bioavailable com-
pounds of volatile oil in each plant source.

Conclusions

The present experiment revealed that the highest sup-
plementation level of 5.00 g/kg of M. maximus show-
cased the most favourable overall growth performance. 
Despite exhibiting higher feed intake, the improved 
final body weight and body weight gain translated into 
a lower cumulative FCR in both starter and finisher 
phases, indicative of efficient growth performance. 
Furthermore, digestibility in this experiment was 
improved. These outcomes may be attributed to the 
addition of M. maximus, which augments endogenous 
secretion production. Additionally, T6 exhibited the 
most favourable villi height to crypt depth ratio 
throughout the small intestine, suggesting enhanced 
gut health and facilitating more efficient digestion and 
absorption. The abundance of alkaloids in M. maximus 
may contribute to this, given their antifungal and anti-
microbial properties. This hypothesis is supported by 
the caecal microbial population results, wherein T6 
exhibited comparable outcomes to the antibiotic group, 
with Salmonella and other pathogenic bacteria not 
identified besides E. coli. Correspondingly, T6 displayed 
improved carcase characteristics, with significant lower 
liver weight values. The reduced liver weight could 
stem from diminished production of liver enzymes and 
APP, as suggested by the blood biomarkers and bio-
chemistry results. Furthermore, T6 exhibited superior 
meat quality, characterised by lower cooking loss, drip 
loss, lightness, and shear force values. T6’s meat also 
displayed the highest yellowness, a desirable trait in 
coloured-broiler meat. Lastly, T6 enhanced the lipid pro-
file of broilers by lowering cholesterol, TG, and LDL lev-
els while increasing HDL levels. These findings suggest 
that M. maximus holds promise as a feed supplement 
due to its high alkaloid content, which enhances animal 
performance and product quality. Therefore, M. maxi-
mus could potentially be used as a feed additive in 
broiler production to replace antibiotics.
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