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ABSTRACT

This experiment was carried out to investigate the effect of diet containing herbal blend 
(HB) of turmeric (Curcuma longa), scent leaf (Ocimum gratissimum), and moringa leaf 
(Morinda lucida) supplemented with or without L-arginine (L-Arg) on growth performance, 
intestinal morphology, and caecal microflora of guinea fowls. Three hundred and sixty 
28-day-old male guinea fowls were randomly allotted in a completely randomized design 
to six treatment groups of sixty birds; each treatment group consisted of six replicates of ten 
birds each. Dietary treatments were laid out in a 3 × 2 factorial arrangement of the basal diet 
(control), diet containing enrofloxacin (1 g/kg), HB (1 g/kg diet), and each supplemented 
with or without L-Arg at 1 g/kg. Notwithstanding dietary supplementation with L-Arg, 

guinea fowls fed the diets with HB, and their 
counterparts fed the diets with antibiotics 
had similar weight gain during the growing 
period. Dietary L-Arg supplementation with 
HB increased (p<0.05) feed intake. Feed 
conversion ratio (p<0.05) was improved 
in guinea fowls fed the diets with HB 
and their counterparts fed with antibiotic 
supplemented or not with L-Arg. L-Arg 
supplementation of the diet with HB resulted 
in the longest (p<0.05) duodenal villi height 
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and the shortest (p<0.05) duodenal apical 
width in young turkeys. The caeca content 
of growing guinea fowls fed the diet with 
HB supplemented with L-Arg had the 
least (p<0.05) Clostridium count and the 
highest (p<0.05) Lactobaccillus count. In 
conclusion, guinea fowls fed the diet with 
HB supplemented or not with L-Arg had 
similar growth performance with those fed 
with an antibiotic. L-Arg supplementation of 
the diet with HB resulted in increased caecal 
Lactobacillus counts of growing birds. 

Keywords:  Antimicrobial, growth promoter, 
Lactobacillus, phytogenics

INTRODUCTION
With the advent of drug resistance and 
adverse effects of chemosynthetic drugs, 
the interest in medicinal herbs and plant 
extracts/metabolites has augmented, both 
among the public and researchers worldwide 
(Abo Ghanima et al., 2020; Dhama et 
al., 2021; Saeed et al., 2021). In poultry 
production, the use of phytogenic plants as 
alternative growth promoters has attracted 
several interests due to their ability to exhibit 
growth-promoting, digestive stimulating, 
immune-enhancing, and anti-oxidative 
properties (Alagawany et al., 2021; Ebrahim 
et al., 2020; Lu et al., 2014).

T u r m e r i c  ( C u r c u m a  l o n g a ) 
i s  a  c u l i n a r y  s p i c e  c o n t a i n i n g 
c u r c u m i n ,  d e m e t h o x y c u r c u m i n , 
b i s d e m e t h o x y c u r c u m i n ,  a n d 
tetrahydrocurcuminoids (Al-Sultan, 
2003). Curcumin is regarded as the most 
active ingredient in turmeric, exhibiting 
strong antioxidant, anti-inflammatory, and 

antimicrobial properties (Alagawany et 
al., 2020; Quiles et al., 2002). Scent leaf 
(Ocimum gratissimum) is rich in eugenol, 
cinamate, camphor, and thymol (Matasyoh 
et al., 2007). It exhibits strong antimicrobial 
properties against most pathogenic 
bacteria, such as Staphylococcus aureaus, 
Escherichia coli, Streptococcus fecalis, 
Psudomonas aeruginosa, and Lactobacilli 
(Prabhu et al., 2009). Morinda lucida Benth. 
(Rubiaceae) leaf extract contains saponin, 
tannins, alkaloids, anthraquinones, and 
anthraquinols. It has been shown to exhibit 
anticoccidial, antioxidant, and antimicrobial 
properties (Ogundare & Onifade, 2009; 
Ogunlana et al., 2008).  

Various studies have reported combining 
two or more herbal plants as a blend, 
resulting in a wider range of biological 
activity, promoting synergism effects of 
various bioactive ingredients (Bassolé 
& Juliani, 2012; Cetin et al., 2016). In 
addition, previous studies reported that a 
combination of two or more phytogenic 
plants as blends yield improved and better 
response than single inclusion (Ertas et al., 
2005; Thiruvengadarajan et al., 2011). 

The metabolism of L-Arg to yield nitric 
oxide demonstrated its ability to enhance the 
immune system. Nitric oxide (NO) has been 
reported to be involved in the development 
of intestinal mucosa (Kochar et al., 2011) 
and the elimination of pathogenic microbes 
(P. Li et al., 2007 ). L-Arg has improved 
immune system, growth performance, and 
carcass yield (Al-Daraji & Salih, 2012). 
The combination of the herbal blend was 
such that it contains phytogenics, which 
exhibits antioxidant, antimicrobial, and 
digestive stimulant properties. The herbal 
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blend used in this study contained Curcuma 
longa, which was used as an antioxidant 
(Dono, 2013), Morinda lucida for its 
antimicrobial properties (Ola-Fadunsin & 
Ademola, 2013), and Ocimum gratissimum 
as a digestive stimulant (Ndelekwute et 
al., 2015). This study evaluated the effect 
of the herbal blend (containing Curcuma 
longa, Ocimum gratissimum, Morinda 
lucida) and L-arginine supplemented diets 
on growth performance, gastrointestinal 
tract morphology, and caecal microflora of 
guinea fowls.  

MATERIALS AND METHODS
The feeding trial was carried out according 
to the guidelines approved by the Animal 
Welfare Committee of the Federal University 
of Agriculture, Abeokuta, Nigeria.

Preparation of Herbal Blend and 
Chemical Composition
Fresh turmeric rhizomes (Curcuma longa) 
were harvested, rinsed in clean water to 
remove adhering dirt, chipped, and dried at 
45 oC in an oven to a constant weight. The 
dried chips were ground (2 mm sieve) to 
yield turmeric powder (TP), stored at 4 oC 
before use in the experimental diets. 

F r e s h  s c e n t  l e a v e s  ( O c i m u m 
gratissimum) and moringa leaves were 
plucked without the petioles and stalks. 
The leaves were rinsed in water to remove 
dirt, spread evenly, and air-dried at room 
temperature until they became crispy while 
retaining their greenish color. The dried 
scent and moringa leaves were ground 
(2 mm sieve) separately to yield scent 
leaf powder (SLP) and moringa leaf meal 

(MLM), respectively. The SLP and MLM 
prepared were stored at 4 oC in an air-tight 
container before use. To formulate the 
herbal blend (HB), TP, SLP, and MLM were 
mixed thoroughly at equal proportions. The 
resultant blend (HB) was stored at 4 oC in 
an air-tight container before use. Qualitative 
screening of the phytochemical compounds 
(tannins, alkaloids, flavonoids, terpenes, 
saponins, and cyanogenic glycosides) 
present in representative samples was 
conducted using the method described by 
Harbone (1973). 

 
Management of Experimental Birds
A total of 500 one-day-old guinea fowl 
keets were brooded together for 28 days 
in a deep litter house using wood shavings 
as bedding material. During the 28-day 
brooding period, no antimicrobial and 
anticoccidial drugs were administered to 
the birds. Guinea fowls were fed a starter 
diet containing 242 g/kg crude protein 
and 12.13 MJ/kg metabolizable energy 
according to National Research Council 
(NRC) (1994) requirements. Feed and clean 
water were provided ad libitum during the 
pre-experimental and experimental periods. 
The feeding trial commenced at the end of 
the brooding period.

Dietary Treatments 
On day 29, 360 male guinea fowls were 
selected, weighed individually, and allotted 
six treatments on a weight equalization 
basis, with each treatment group having six 
pens as replicates. A total of 36 similar floor 
pens were used in this study. Maize-soybean 
meal-based diets were formulated according 
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to NRC (1994) nutritional requirements for 
younger (29 to 56 d) and growing (57 to 84 
d) guinea fowls (Table 1). The six treatment 
groups were laid out in a 3 × 2 factorial 
arrangement of the basal diet (control), diet 
containing enrofloxacin (at 1 g/kg), and HB 
(at 1 g/kg diet), each supplemented with or 
without L-Arg (Shanghai TECH Chemical 

Industry, China) at 1 g/kg. Diets were 
fed in mash form. Each treatment group 
was replicated six times in a completely 
randomized design. No medication and 
vaccination was administered during the 
experimental period (29 to 84 d). 

Table 1
Basal composition of experimental diets (g/kg as fed)

Ingredients Starter (29 – 56 d) Finisher (57 – 84 d)
Maize 492 555
Soybean 350 280
Wheat offal 85.0 100.0
Fish meal 30.0 20.0
Bone meal 18.0 20.0
Oyster shell 15.0 16.0
*Premix 2.50 2.50
Salt 2.50 2.50
L-lysine HCL 2.0 2.0
DL-Methionine 3.0 2.0
Total 1000 1000
Determined nutrient composition (% DM)
Dry matter 89.14 89.62
Crude protein 22.62 21.12
Ether extract 3.55 3.46
Ash 8.66 8.35
Crude fibre 3.11 3.24
Calculated nutrient composition
Metabolizable energy (MJ/kg) 11.94 12.75
Ca (%) 1.22 1.31
P (%) 0.65 0.62
Digestible arginine (%) 1.47 1.24
Lysine (%) 1.44 1.35
Methionine (%) 0.69 0.61

Note. *Supplied per kilogram of diet: retinol acetate, 4.12 mg; cholecalciferol, 87.5 mg; DL-alpha-tocopherol acetate, 44.7 
mg; menadione, 2 mg; thiamine mononitrate, 2 mg; riboflavin, 6 mg; pyridoxol, 5 mg; cyanocobalamin, 0.2 mg; D-biotin, 
0.1 mg; niacin, 50 mg; pantothenic acid, 12 mg; folic acid, 2 mg; zinc [Zn (zinc sulphate monohydrate: ZnSO4. H2O)], 90 
mg; manganese [Mn (manganese (II) sulfate monohydrate: MnSO4. H2O)], 80 mg; iron [Fe (iron (II) sulfate monohydrate: 
FeSO4. H2O)], 60 mg; copper [Cu (copper sulfate pentahydrate: CuSO4. 5H2O)], 8 mg; iodine [I (potassium iodide: KI)], 
1 mg; cobalt [Co (cobalt (II) sulfate monohydrate: CoSO4. H2O)], 0.3 mg; and molybdenum [Mo (sodium molybdate: 
Na2Mo4. 2H2O)], 1 mg
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Data and Sample Collection

Growth Performance. Guinea fowls 
were weighed per replicate weekly, while 
the weight gain was calculated. Daily 
feed consumption was calculated as the 
difference between the feed offered and 
leftovers, while feed conversion ratio was 
calculated as feed intake to weight gain. No 
mortality occurred during the experimental 
period.

Intestinal Morphology. At 56 d and 84 d 
of the birds, six birds per treatment group 
were randomly selected, slaughtered, and 
eviscerated. Tissue samples from the mid-
region of the three segments of the small 
intestine (duodenum, jejunum, and ileum) 
were collected according to the method as 
described by Gava et al. (2015). The samples 
were placed in 10% formalin and dehydrated 
in a graded ethanol series (xylene). Each 
segment was embedded in paraffin wax 
and stained with hematoxylin and eosin. 
A total of eight slides were recorded per 
observation. The villi length and crypt 
depths of the samples were examined under 
a microscope and measured from the tip to 
the villi base and from the villi base to the 
crypt base, respectively. 

Caecal Microflora. Fresh content from 
the caeca of selected guinea fowls following 
intestinal morphology at 56 and 84 d were 
poured in labeled sterile bottles and put on ice 
to determine the microbial population. Caecal 
samples collected were serially diluted and 
plated on De Man, Rogosa, and Sharpe (MRS) 
agar plates, incubated at 37 oC for 24 hours. 

Lactobacillus, Coliform, Clostridium, and 
Salmonella counts were estimated as described 
by Xia et al. (2004) and were expressed as 
colony-forming units (Cfu) per gram of fresh 
sample.

Statistical Analyses
Microbial counts (Cfu/g) were transformed 
to logarithm10. Data obtained were subjected 
to the general linear model procedure of 
the Statistical Analysis System (SAS) 
(2000) to determine the main effect of HB 
inclusion (control, diet with enrofloxacin, 
diet with HB), the main effect of L-Arg 
supplementation (0, 1 g/kg), and their 
respective interactions (HB × L-Arg). 
Statistically significant means were 
separated using Tukey’s test at a probability 
of 5 %.

RESULTS

The effect of dietary inclusion of HB 
supplemented with or without L-Arg on the 
growth response of guinea fowls is shown 
in Table 2. Guinea fowls fed a control diet 
without L-Arg supplementation had the 
least (p=0.003) body weight on day 84. 
Dietary inclusion of HB supplemented with 
or without L-Arg had no effect (p>0.05) on 
the average weight gain of younger guinea 
fowls (28–56 days). Notwithstanding dietary 
supplementation with L-Arg, guinea fowls 
fed the diet with HB. Their counterparts 
fed the diet with antibiotics had similar 
weight gain during the growing and overall 
(28–84 days) rearing periods. In growing 
and overall periods, guinea fowls fed a 
control diet without L-Arg supplement had 
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the least (p<0.05) weight gain. Guinea fowls 
fed the diet with HB containing no L-Arg 
supplementation, and birds fed the diet with 
antibiotic supplemented with L-Arg had 
the least (p=0.001) feed intake during the 
younger period. During the growing and 
overall rearing period, guinea fowls fed a 
control diet supplemented with L-Arg had the 
highest (p=0.003) feed intake. Meanwhile, 
L-Arg supplementation of the diet with HB 
resulted in increased (p=0.001) feed intake 
in all the rearing periods compared to their 
counterparts fed the diet with HB containing 
no supplemental L-Arg. This trend was 
noticed at the growing and overall phase 
in birds fed control diet compared with the 
group fed Arg-supplemented control diet. In 
all the rearing periods, guinea fowls were 
fed the diet with HB. Those fed the diet with 
antibiotic supplemented or not with L-Arg 
had a better (p=0.001) feed conversion 
ratio than their counterparts fed control diet 
containing no supplemental L-Arg. Guinea 
fowls fed diets containing supplemental 
L-Arg irrespective of dietary treatment had 
a similar feed conversion ratio. 

The effect of dietary inclusion of HB 
and L-Arg supplementation on the gut 
morphology of younger guinea fowls is 
presented in Table 3. L-Arg supplementation 
of the diet with HB resulted in the longest 
(p=0.001) duodenal villi height and the 
shortest (p=0.001) duodenal apical width. 
In the jejunum, guinea fowl fed the diet 

with HB supplemented with L-Arg had the 
longest (p=0.001) jejunal villi height and 
the least (p=0.001) basal width. Jejunal 
villi height increased (p=0.006), while basal 
width reduced (p=0.051) following L-Arg 
supplementation. Guinea fowls fed a control 
diet containing no supplemental L-Arg had 
the longest (p=0.006) ileal laminal propria 
depth. The effect of dietary inclusion of 
HB and L-Arg supplementation on gut 
morphology of growing guinea fowls is as 
presented in Table 4. In the duodenum and 
jejunum, L-Arg supplementation of the diet 
with HB resulted in the longest (p<0.05) 
villi heights. Birds fed the diets with HB and 
antibiotics supplemented with L-Arg had the 
longest (p=0.002) villi height in the ileum.

The effect of dietary inclusion of HB 
and L-Arg supplementation on caecal 
microflora of young and growing guinea 
fowls is presented in Table 5. Dietary 
inclusion of HB supplemented with or 
without L-Arg had no effect (p>0.05) on 
the caecal microflora count of younger 
guinea fowls. In growing guinea fowls, 
the least (p=0.001) Clostridium count and 
the highest (p=0.001) Lactobacillus count 
were observed in the caeca content of 
birds fed the diet with HB supplemented 
with L-Arg. Notwithstanding the dietary 
treatment imposed, L-Arg supplementation 
in growing guinea fowls reduced (p=0.035) 
caecal Clostridium count.
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DISCUSSION

The non-significant effects of HB inclusion 
and L-Arg supplementation on weight 
gain of younger guinea fowls, which later 
revealed a significant effect at the growing 
phase of the birds in the present study, 
corroborated earlier studies revealing age-
dependent response of poultry birds to 
phytogenic feed additives (Hernández et 
al., 2004; Jamroz et al., 2005). The similar 
weight gain obtained for guinea fowls 
fed HB diet and those fed the diet with 
antibiotic during the growing and overall 
rearing period notwithstanding dietary 
supplementation with L-Arg confirmed the 
ability of HB to replace in-feed antibiotics 
without compromise on weight gain. 
Significant improvements in body weight 
gain in the HB group have been documented 
(Murugesan et al., 2015). 

Increased feed intake of young and 
growing guinea fowls following L-Arg 
supplementation of the diet with HB, when 
compared to their counterparts fed a similar 
diet but not supplemented with L-Arg in 
the present study, could be linked with 
the secretagogue activity of Arg inducing 
the release of insulin and glucagon, which 
influences feed intake and efficiency of 
utilization (Woods et al., 2006). Previous 
studies confirmed that NO generated via 
the L-Arg pathway is actively involved in 
feeding behavior through the hypothalamus 
(Malfatti et al., 2015), acts as a central 
mediator and physiological modulator of 
food intake (Mancuso et al., 2010). L-Arg 
infusion in rats also promoted satiety 
quantified by increased food intake after 24 

hours from L-Arg administration (Malfatti 
et al., 2015). 

The improved feed conversion ratios 
obtained for guinea fowls fed the diet with 
HB and birds fed the diet with antibiotic 
notwithstanding L-Arg supplementation 
than birds fed control diet having no 
supplemental L-Arg supported previous 
findings that inclusion of phytogenic feed 
additive (Brenes & Roura, 2010; Jamroz 
et al., 2005) and L-Arg supplementation 
improved feed conversion ratio of broilers 
when compared with the control group 
(Filho et al., 2021; Pramujo et al., 2019). 
In addition, Wang et al. (2021) reported an 
improved feed conversion ratio of broilers 
fed a diet supplemented with phytogenic feed 
additives (containing oregano, cinnamon, 
citrus peel, and fructooligosaccharides). 
Better feed conversion ratio obtained 
for guinea fowls fed the diet with HB 
could be attributed to the additive effect 
of antimicrobial properties exhibited by 
constituent scent leaf (Prabhu et al., 2009), 
antioxidant and antimicrobial properties of 
turmeric (Quiles et al., 2002), and moringa 
leaf (Ogundare & Onifade, 2009) contained 
in the blend. Previous studies also reported 
improved growth of broilers following 
dietary inclusion of Morinda lucida leaf 
meal (Lala et al., 2017) and turmeric powder 
(Ahmadi, 2010). 

Intestinal morphological changes 
following the inclusion of HB and L-Arg 
supplementation and the longest duodenal 
and jejunal villi height recorded for young 
and growing guinea fowl fed the diet with 
HB supplemented with L-Arg suggests 
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increased surface area. Increased villus 
height has been linked with increased surface 
area for nutrient absorption (Kamboh et al., 
2015), resulting in good gut health (Viveros 
et al., 2011). Reduced apical width in the 
duodenum and basal width in the jejunum 
recorded for younger guinea fowl fed the 
diet with HB supplemented with L-Arg 
suggests reduced cellular turnover and 
improved intestinal health. Reduced apical 
width has been suggested to increase mature 
enterocytes, thereby increasing enzyme 
activity in the villus brush border (Chen 
et al., 2011). Shallower apical width has 
been linked with improved gut health and 
growth since cellular turnover is an energy-
consuming process that uses resources that 
might otherwise be utilized toward growth 
(Markovic et al., 2009). In separate studies, 
dietary inclusion with phytogenic blend 
(Geyra et al., 2001; Reisinger et al., 2011) 
and L-Arg supplementation (Zhan et al., 
2008) have improved intestinal morphology. 
Geyra et al. (2001) reported increased villus 
height and surface area following dietary 
supplementation with phytogenic blend 
(Tecnaroma Herbal Mix PL® Tecnessenze, 
Saudi Arabia). Dietary inclusion with a 
blend of oregano, anise, and citrus peel 
improved intestinal morphology (Reisinger 
et al., 2011). Dietary supplementation 
with L-Arg in turkeys (Oso et al., 2017) 
and weaned pigs (Zhan et al., 2008) has 
improved intestinal morphology.    

The mechanism through which 
p h y t o g e n i c  a d d i t i v e s  a n d  L - A rg 
supplementation improve intestinal 
morphology has been elucidated. Bioactive 

compounds present in phytogenic plants 
may stimulate secretions and activity of 
endogenous digestive enzymes leading to 
increased absorption surface area in the 
intestine and improved intestinal morphology 
(Lee et al., 2004). The major bioactive 
component in scent leaf (cinnamate) and 
turmeric powder (curcumin) used in the 
formulation of HB in the current study 
has been reported to stimulate pancreatic 
digestive enzyme activities (Hernández et 
al., 2004).

Increased Lactobacillus growth within 
the gut will lead to enhanced production 
of lactic acid (Harley & Prescott, 2002), 
reduced gut pH, and thereby inhibit normal 
growth of enteropathogens leading to 
improved animal health (Z. Li et al., 2018).

The mechanism through which PFA 
and L-Arg supplementation improve gut 
microflora has been described. Phytogenic 
feed additives reduce gut pathogenic 
bacteria by disrupting the cellular membrane 
of pathogens, affecting their hydrophobicity 
and virulence capacity, stimulating the 
immune system by activating lymphocytes 
and macrophages, protecting intestinal 
mucosa from pathogen colonization, and 
promoting the growth of beneficial bacteria, 
such as Lactobacilli and Bifidobacteria 
(Windisch & Kroismayr, 2007). In addition, 
plant bioactive compounds may improve 
the antioxidant status in the intestinal 
mucosa due to the antioxidant activities of 
the herbal feed additives and the reduction 
of pathogenic microbes, which can lead to 
better intestinal microstructures (Patra et 
al., 2019). For example, higher lactobacillus 
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and lower Clostridium count in the caeca 
of broiler chickens fed phytogenic feed 
additives supplemented with arginine had 
been attributed to nitric oxide produced 
by arginine (Eriksson et al., 2003; Ren et 
al., 2014) and phytogenic antimicrobial 
properties (Wati et al., 2015), respectively.

L-Arg supplementation produces NO, a 
component of the immune system, thereby 
limiting pathogenic activity (Wink et al., 
2011), thus, preventing the multiplication 
of diseases (Ren et al., 2014). L-Arg 
supplementation has been reported in 
previous studies to alleviate the negative 
effect of Salmonella typhimurium (Eriksson 
et al., 2003), Eimeria tenella (Allen, 1999), 
and infectious bursal disease virus (Emadi 
et al., 2010) in broiler chickens.

CONCLUSION

Guinea fowls fed the diet with HB 
supplemented or not with L-Arg had 
similar growth performance with those 
fed with antibiotics. However, L-Arg 
supplementation of the diet with HB 
improved intestinal morphology of both 
younger and growing birds and increased 
caecal Lactobacillus counts of growing 
birds.  
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