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Abstract

Introduction In a bid to mitigate growing concerns regarding the use of antibiotics in food animals

Objectives This study determined the growth performance, haemato-biochemical status, organ development and intestinal
morphology of Arbor Acre broiler chicken strain on oral administration of citrus—coconut electrolyte blend (CCEB) for 26
days.

Methods One-hundred ninety-two chicks were brooded for 2 weeks and thereafter divided on a weight equalization basis into
four groups (0, 5, 10 and 15 ml CCEB per litre of water) of six replicates each and eight birds per replicate. Phytochemical
screening of CCEB was determined, while data collected for growth performance, organ proportions and intestinal morphol-
ogy were subjected to a one-way analysis of variance.

Results Phytochemical composition revealed the abundance of phenols (128.40 mg/100g) and tannins (78.10 mg/100g)
in CCEB. All productive performance parameters measured were not significantly (p < 0.05) different across treatment
means. However, significantly (p < 0.05) highest concentrations (134.47 and 66.48 mg/dl, respectively) for total cholesterol
and high-density lipoprotein (HDL) and the lowest concentration (38.34 mg/dl) for low-density lipoprotein (LDL) were
recorded in birds on 15 ml of CCEB/litre of water. Furthermore, a progressive reduction (p < 0.05) in the bursa of Fabricius
was observed with increasing CCEB/litre of water. The supplementation of CCEB did not influence (p > 0.05) duodenal
morphological parameters.

Conclusion The study concluded that 15 ml of CCEB/litre of water enhanced the production of HDL, reduced LDL, and
improved immunity via the reduction of the bursa of Fabricius in broiler chickens.
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poultry meat with many religious dietary laws, the consump-
tion of poultry as a source of animal proteins has recently
increased globally (Shah et al. 2021). In a bid to cater to this
demand, many farmers are incorporating antibiotic growth
promoters (AGPs) via feed and water of poultry birds to
improve meat production through improved feed conversion
ratio, growth rate promotion and disease prevention (Suresh
et al. 2018). Antibiotics used at sub-therapeutic dosages can
promote growth and modify the immune status of broiler
chickens (Lee et al. 2012; Mehdi et al. 2018). This is pri-
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marily due to the control of gastrointestinal infections and
the modification of microbiota within the intestines (Torok
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et al. 2011; Singh et al. 2013). However, AGPs are not effec-
tive against fungal and viral pathogens and the consequence
of their long-term usage in poultry has been found to alter
intestinal microbiota, thereby resulting in the production of
antibiotic-resistant bacteria (Mehdi et al. 2018). Bacterial
resistance to AGPs is a public health issue as poultry meat
plays a major role in human infections (Manges et al. 2007,
Diarra et al. 2010; Hur et al. 2011). In addition, waste from
poultry may contain antibiotic-resistant bacteria and active
antibiotics that may contaminate the environment which
may in turn foster the emergence of antibiotic resistance
in bacteria other than those found in live animals and their
products (Wongsuvan et al. 2018). Antibiotic abuse has also
resulted in drug residues in animal products (Gonzalez Ron-
quillo and Angeles Hernandez 2017). These residues can
adversely impact the health and well-being of consumers, for
example, tetracycline, which interferes with teeth develop-
ment in children (Kummerer 2009). Also, the use of clen-
buterol by some breeders to produce meat with less fat and
more protein is sometimes responsible for food poisoning
and muscle tremors (Chan 1999). Gassner and Wuethrich
(1994) also demonstrated a possible link between the pres-
ence of chloramphenicol metabolites in meat products and
the occurrence of aplastic anaemia in humans.
Furthermore, as a result of the rapid consumer concerns
regarding the use of antibiotics in food animals, restrictions
were placed on the use of AGPs in several countries (Aju-
won 2016). This prompted research on suitable alternatives
to AGPs that can support poultry development and main-
tain minimal mortality while preserving the environment
and consumers’ health (Diarra and Malouin 2014; Mehdi
et al. 2018). Consequently, natural phytochemicals derived
from medicinal plants have gained significant recogni-
tion in the potential management of livestock and human
diseases. Herbs, spices and other plant extracts are being
evaluated as alternatives to antibiotics and some have shown
growth-promoting effects, antimicrobial properties and other
health-related benefits (Diaz-Sanchez et al. 2015). However,
a dearth of information exists on the use of natural elec-
trolytes—a blend of different nutraceuticals rich in miner-
als and vitamins as a natural growth promoter to replace
AGPs in poultry production. Citrus-coconut electrolytes
blend (CCEB) is a mixture of ingredients with antioxidant
properties such as citrus, coconut water and honey. Citrus
fruits are well-known for their health-promoting values
such as antioxidant, anti-inflammation, anti-mutagenicity,
anti-carcinogenicity, and anti-ageing properties (Zou et al.
2016). Coconut water contains biologically active com-
pounds that are required for cellular functions and have the
ability to scavenge free radicals in the body as well as help
ease a number of severe health conditions (Agbafor et al.
2015). Honey is a natural product that contains compounds
such as vitamin C, phenol compounds, catalase, peroxides,
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flavonoids, carotenoids, and glucose oxidase (Khalil et al.
2010).

Based on the foregoing, this study determined the effect
of citrus-coconut electrolytes blend on growth performance,
haemato-biochemical parameters, organs development, and
intestinal morphology of broiler chickens.

Materials and methods
Experimental locations

Experimental birds were reared at the Poultry Unit of the
Teaching and Research Farm of the Michael Okpara Uni-
versity of Agriculture, Umudike, Abia State, Nigeria. The
site is located in the tropical rainforest zone of Nigeria on
latitude 5° 29’ N and longitude 7° 33’ E with an elevation of
122 m above sea level, annual rainfall of about 2177 mm a
monthly ambient temperature range of 22-36 °C and relative
humidity of 50-95% depending on the season and location.
Laboratory studies were carried out in the Animal Nutri-
tion and Veterinary Pathology laboratories of the College
of Animal Science and Animal Production, Michael Okpara
University of Agriculture, Umudike.

Preparation of citrus-coconut electrolyte blend
(CCEB)

The ingredients for the citrus-coconut electrolyte blend
which consisted of 52.27% of orange juice, 4.05% of lime
juice, 40.45% of coconut water, 3.01% of honey and 0.22%
of Himalayan salt were sourced from nearby markets in
Umudike, Abia State. The juices from oranges and lemons
were extracted using a cold-press juice extractor, while a
metal skewer was used to poke a hole at the top of the coco-
nuts so the water can be poured into a container. Afterward,
all ingredients were blended together and stored in airtight
single-serving mason jars (8 oz). The jars were stored in a
refrigerator at 4 °C prior to use.

Experimental birds and management

Day-old broiler chicks (Arbor acre, n=192) were purchased
from a reputable hatchery in Ibadan, Oyo State, and brooded
for 2 weeks before dividing them equally into 4 groups (six
replicates per group and eight birds per replicate) after bal-
ancing for body weight. The chicks were placed in separate
pens on deep litter, and all chicks became acclimatised to the
experimental conditions after 2 days. To assess the efficacy
of CCEB, it was added via drinking water provided daily for
each group of birds at 0, 5, 10 and 15 ml per litre of water,
respectively for 26 days. All experimental birds were fed the
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Table 1 Ingredients and composition (%) of diet fed to experimental
birds

Ingredients Quantity (%)
Maize 58.60
Soybean meal (48% CP) 36.10
Vegetable oil 1.65
Limestone 1.00
Bone meal 1.75
Salt (NaCl) 0.35
Lysine 0.10
DL-Methionine 0.20
*Vitamins and minerals premix 0.25
Total 100.00
Calculated composition
Metabolisable energy (kCal.kg-1) 3036.26
Crude protein (%) 20.49
Crude fibre (%) 2.98
Ether extract (%) 343
Total calcium (%) 0.88
Available p (%) 0.38
Total lysine (%) 1.29
Total methionine (%) 0.52

“Vitamins and minerals premix contains vitamin A, 10,000,000 IU;
vitamin D3, 2,000,000 IU; vitamin E, 12,500 IU; vitamin K, 1.30 g;
vitamin B1, 1.30 g; vitamin B2, 4 g; D-calcium pantothenate, 1.3 g;
vitamin B6, 1.3 g; vitamin B12, 0.01 g; nicotinic acid, 15 g; folic
acid, 0.05 g; biotin, 0.02 g; copper, 0.05 g; cobalt, 0.20; iron, 25 g;
iodine, 0.06 g; manganese, 48 g; selenium, 0.10 g; zinc, 45 g; choline
chloride, 200 g; butylated hydroxytoluene, 50 g

same single basal diet (Table 1) ad libitum throughout the
experiment and vaccinated against Newcastle disease (on
the 5th and 24th day) and infectious bursal disease (on the
10th and 20th day).

Data collection
Phytochemical screening of CCEB

A concentration of 10 mg CCEB/ml distilled water was pre-
pared for the screening of various phytochemical constitu-
ents using standard methods described by Trease and Evans
(1989), Sofowora (1993), and Harborne (1998). The analy-
ses involved the detection of saponins, glycosides, alkaloids,
phenol, tannins, flavonoids, oxalate, steroids and terpenoids.

Growth performance
Initial weights of birds were measured per replicate at the

beginning of the study, while body weights were meas-
ured every 9th day. Feed intake per day was determined by

subtracting the amount of feed remaining in each replicate
from the specified quantity they received the day prior.
Feed intake per bird was determined by dividing the total
amount of feed consumed by the total number of birds in
each replicate. The feed conversion ratio was calculated as
the ratio of feed intake to weight gain. The mortality rate
was calculated as the ratio of the number of dead to the total
number of birds stocked, with the resultant figure expressed
in percentage.

Haemato-biochemical parameters

Approximately, 4 ml of blood samples were drawn from the
brachial vein of two randomly selected birds of each repli-
cate on day 36 of the study into anticoagulant tubes (EDTA)
for haematological analysis and plain tubes for cholesterol
profile analysis. Determination of haematological param-
eters (packed cell volume, haemoglobin concentration, red
blood cell, white blood cell, and its differentials) using a
standard procedure (Jain 1986). Blood samples in the plain
tubes were centrifuged at 3000 rpm for 10 min to obtain
serum, and levels of total cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL)
and very low-density lipoprotein (VLDL) were estimated
using kits by Randox laboratories, United Kingdom (Model
BT294QY).

Carcass yield and organs development

Two birds per replicate were randomly selected, weighed
and slaughtered on day 36 of the study by severing the
jugular vein and carotid arteries. Afterward, birds were de-
feathered and had their heads, necks, shanks, feet and viscera
carefully removed. The resulting carcasses were dressed and
weighed with the dressing percentages estimated as enunci-
ated by Safiyu et al. (2019). Organs (lungs, heart, liver, giz-
zard, pancreas, thymus, spleen, proventriculus, and bursa of
Fabricius) were each weighed and expressed as a percentage
of the live weight.

Intestinal morphology

A long portion 2 cm of the duodenum from slaughtered
carcasses was cut and placed into a sample bottle contain-
ing 10% formalin saline (100 ml formalin, 900 ml distilled
water, 0.4 g sodium dihydrogen phosphate, 0.65 g disodium
hydrogen phosphate) after washing the contents with normal
saline. The duodenal cut samples were prepared as slides for
light microscopy, as described by Shamoto and Yamauchi
(2000) with the following histological parameters (villus
height, villus width, crypt depth, and the villus height: crypt
depth ratio) measured and histological slides presented.

@ Springer
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Fig. 1 Phytochemical constituents of citrus-coconut electrolyte blend

Results
Phytochemical constituents of CCEB

The phytochemical constituents of the citrus-coconut elec-
trolyte blend are depicted in Fig. 1. The result revealed
presence of the following bioactive compounds and
their quantities in CCEB: saponins (15.30 mg/100 g),
glycosides (32.53 mg/100 g), alkaloid (3.00%), phe-
nol (128.40 mg/100 g), tannin (78.10 mg/10 mg/100 g),
flavonoid (28.99 mg/100 g), oxalate (8.39), steroid
(8.54 mg/100 g) and terpenoid (19.00 mg/100 g).

Table 2 Effect of citrus-coconut
electrolyte blend (CCEB) on

CCEB (ml/litre of water)

growth performance of broiler Parameters 0 5 10 15 +SEM p-value

chickens
Initial weight (g/bird) 382.10 341.80 353.60 354.50 11.20 0.105
Final weight (g/bird) 1933.60 1862.10 1823.60 1834.70 56.00 0.519
Weight gain (g/bird/day) 59.67 58.48 56.54 56.93 2.20 0.733
Feed intake (g/bird/day) 94.50 86.80 87.00 87.80 12.60 0.967
Feed conversion ratio 1.57 1.45 1.52 1.54 0.18 0.970
Mortality (%) 5.56 5.16 0.00 0.00 2.40 0.207

Table 3 Effect of citrus-coconut CCEB (ml/litre of water)

electrolyte blend (CCEB) on

haemato-biochemical status of Parameters 0 5 10 15 +SEM  p-value

broiler chickens
Packed cell volume (%) 31.50 30.50 30.50 30.00 2.49 0.210
Haemoglobin concentration (g/dl) 7.00 8.300 6.800 7.400 0.71 0.367
Red blood cell count (10*/ul) 3.565 3.445 3.455 3.420 0.28 0.135
White blood cell count (10%/ul) 3.565 3.455 3.445 3.420 2.87 0.164
Total cholesterol (mg/dl) 96.97° 110.98®  116.28®  134.47*°  4.40 0.017
Triglycerides (mg/dl) 101.0 81.4 78.9 148.2 16.8 0.120
High-density lipoprotein (mg/dl) 28.15°  48.57% 56.56% 66.48* 1.32 0.021
Low-density lipoprotein (mg/dl) 48.61*  46.15% 43.95%® 38.34° 4.77 0.019
Very-low density lipoprotein (mg/dl) 20.20 16.27 15.78 29.64 3.35 0.120

3®Means within the same row with different letters are significantly different (p <0.05)

Statistical analysis

Data collected in this study were analysed by one-way analy-
sis of variance using general linear model as contained in
the Minitab® software version 17.1.0. Significant (p <0.05)
differences among treatment means were separated using
the Tukey test of the same software. The statistical model
is as follows:

Yy=pu+T,+E;

where Y; is the individual observation ij, u is the overall
mean effect, 7 is the treatment effect i, and El-j is the experi-
mental error effect.
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Growth performance

The effect of CCEB on the growth performance of broiler
chickens is shown in Table 2. All productive parameters
measured were not significantly (p <0.05) different across
treatment means.

Haemato-biochemical status

In Table 3, the effect of CCEB on haemato-biochemical
parameters revealed all parameters measured except total
cholesterol, HDL and LDL were not significantly (p > 0.05)
influenced. Total cholesterol was significantly (p =0.017)
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Table 4 Effect of citrus-coconut

electrolyte blend (CCEB)

CCEB (ml/litre of water)

on carcass yield and organ Parameters 0 5 10 15 +SEM p-value
development of broiler chickens
Live weight (g) 1835.0 1845.0 1860.0 1855.0 68.9 0.993
Dressed weight (g) 1290.00 1222.50 1240.00 1264.50 88.30 0.936
Dressing percentage (%) 70.29 66.00 66.69 68.16 2.86 0.918
Organsl (%)
Lungs 0.38 0.40 0.40 0.49 0.04 0.397
Heart 0.57 0.46 0.48 0.51 0.04 0.292
Liver 2.08 2.72 2.71 2.70 0.57 0.819
Empty gizzard 1.80 1.83 1.80 1.73 0.09 0.854
Pancreas 0.27 0.36 0.35 0.30 0.07 0.775
Proventriculus 0.41 0.41 0.48 0.43 0.04 0.602
Lymphoid organs® (%)
Thymus 0.49 0.40 0.30 0.27 0.06 0.160
Spleen 0.11 0.14 0.11 0.11 0.02 0.621
Bursa of Fabricius 0.22° 0.19% 0.13% 0.11° 0.01 0.019
3bMeans within the same row with different letters are significantly different (p <0.05)
12Values are expressed as percentages of the live weight
Table 5 Effect of citrus-coconut CCEB (ml/litre of water)
electrolyte blend (CCEB) on
duodenal morphology of broiler Parameters 0 5 10 15 +SEM p-value
chickens
Villus height (um) 1202.60 1147.00 1185.70 1097.40 47.60 0.491
Villus width (um) 260.60 198.00 172.60 198.50 44.50 0.594
Crypt depth (um) 199.90 223.90 283.80 262.10 56.90 0.738
Villus height to crypt 6.04 5.22 4.67 4.55 1.16 0.801
depth ratio

highest (134.47 mg/dl) in birds supplemented with 15 ml
CCEB/litre of water and lowest (96.97 mg/dl) in birds in
the control. Comparable means (56.56 and 66.48 mg/
dl) for HDL recorded in birds supplemented with 10 and
15 ml CCEB/litre of water, respectively, were significantly
(p=0.021) higher than 28.15 mg/dl recorded in birds in the
control. Significantly (p =0.019) highest values (48.61 and
46.15 mg/dl) for LDL were obtained in groups supplemented
with 0 and 5 ml CCEB/litre of water, respectively, and the
lowest (38.34 mg/dl) in birds supplemented with 15 ml
CCEB/litre of water.

Carcass yield and organs development

The effect of CCEB on carcass yield and organs develop-
ment of broiler chickens is presented in Table 4. The results
indicated that the citrus-coconut electrolyte blend had no
effect (p>0.05) on all parameters measured except the
bursa of Fabricius. Significantly (p =0.019) highest value
(0.22%) for the bursa of Fabricius was recorded in the con-
trol group, while the lowest value (0.11%) was recorded at
15 ml CCEB/litre of water.

Intestinal morphology

The supplementation of citrus-coconut electrolyte blend
did not influence (p > 0.05) duodenal morphological param-
eters measured (Table 5). Furthermore, photomicrographs
depicted in Fig. 2 showed intestinal tissues from birds
administered 0, 5, 10 and 15 ml CCEB/litre of water with
evenly distributed, well and orderly differentiated glands
occupying approximately 18, 22, 33 and 32%, respectively,
of the mucosal thickness.

Discussion

In this study, the preliminary phytochemical composition of
the citrus-coconut electrolyte blend revealed the abundance
of phenols (128.40 mg/100 g) and tannins (78.10 mg/100 g)
in CCEB. This implies that CCEB possesses effective anti-
oxidant activity suitable for therapeutic and prophylactic
purposes since phenolic compounds are the largest class of
secondary metabolites with bioactive potential that accounts
for most of the antioxidant activity of many plant extracts

@ Springer
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Fig. 2 Effect of citrus-coconut
electrolyte blend on duodenal
histology of broiler chickens.
T1, 0 ml CCEB/litre of water;
T2, 5 ml CCEB/litre of water;
T3, 10 ml CCEB/litre of water;
T4: 15 ml CCEB/litre of water

(Thabrew et al. 1998). Tannins have also been acknowledged
to be efficient antioxidants, anti-carcinogenic and antimicro-
bial agents (Lai and Roy 2004). The presence of glycosides
and flavonoids in CCEB is proof of its aptness as a bio-
logical response modifier and antimicrobial agent against a
wide array of microorganisms. Glycosides are valuable in
the pharmaceutical industry for the treatment of a number
of illnesses such as cardiac glycoside which is an important
ingredient in drugs and antitoxins (Trease and Evans 1989).
Previous in vitro studies (Belay and Sisay 2014; Adebayo-
Tayo et al. 2016) also revealed flavonoids possess antimicro-
bial, antiallergic and anti-inflammatory properties due to the
ability to form complexes with bacterial cell walls, extracel-
lular and soluble proteins. Moreover, the presence of other
bioactive components such as saponins, alkaloids, oxalate,
steroids and terpenoids in CCEB accentuates the importance
of citrus-coconut electrolyte blend for ethnomedicine. The
results obtained were in concurrence with the findings of
Oikeh et al. (2016) who observed the presence of bioactive
compounds such as alkaloids, saponins, glycosides, phe-
nols, flavonoids and terpenoids in citrus juices. However,
plant metabolites should not only be clinically effective but
non-toxic. Therefore, it is worth noting that CCEB is safe
for both poultry and human consumption as the ingredients
(orange, lime, coconut water, honey and Himalayan salt) are
natural healthy foods. The quantities of investigated bioac-
tive compounds especially phenols and tannins which are in
abundance in CCEB are below the lethal doses of 140 mg/
kg to 500 mg/kg for oral phenolic compounds in animals
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(Wiley—VCH 2003), as well as 5 and 6 g/kg for tannins in
rats and mice, respectively (Robles 2005).

The statistical similarities in all growth parameters
measured among experimental birds in the control and their
counterparts supplemented varying levels of CCEB is an
indication that CCEB posed no negative impact on poul-
try performance as experimental birds showed no signs of
loss of appetite, depressed weight, weakness and/or, illness.
Although the use of many herbal products has been explored
in the livestock industry as growth promoters and diges-
tion stimulants (Frankic et al. 2009), a dearth of information
exists on the application of citrus-coconut electrolyte mix in
broiler production. However, the results of this study were
partially in line with the findings of Khaligh et al. (2011)
who observed no differences in feed intake and FCR of birds
fed different medicinal plant blends as compared to control
birds from 22 to 42 days of age, but body weight gain of the
birds differed significantly across treatments. Furthermore,
the efficacy of different blends of herbal plants to improve
growth indices in broiler chickens still remains controver-
sial; from one standpoint, some researchers (Botsoglou et al.
2002; Zhang et al. 2005; Jang et al. 2007) documented no
significant effect of phytobiotics supplementation on perfor-
mance of chickens while other reports indicated improve-
ment in growth performance in poultry of different ages
(Jamroz et al. 2003; Hernandez et al. 2004; Cross et al. 2007;
Gheisar et al. 2015).

The effect of CCEB on haemato-biological parameters
revealed packed cell volume, haemoglobin concentration,
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red blood cell count, white blood cell count, triglycerides
and very low-density lipoprotein of experimental birds
were not significantly (p > 0.05) influenced. This implies
that the immune system of the experimental birds was
functioning adequately. The PCV and Hb were within
the normal range similar to the findings of Qamar et al.
(2015) who reported herbal medicines supplementation via
drinking water did not influence the blood haemoglobin
level, packed cell volume and white blood cell count of
broiler chickens, whereas concentrations of total choles-
terol, high-density lipoprotein, and low-density lipoprotein
blood differed significantly (p < 0.05) across treatments in
the present study. Citrus-coconut electrolyte blend sup-
plementation of up to 15 ml per litre of water increased
the total cholesterol and high-density lipoprotein concen-
trations. On the other hand, low-density lipoprotein con-
centration was significantly lowest in birds supplemented
with 15 ml of CCEB/litre of water. This trend in serum
HDL and LDL may point towards the possible hypocho-
lesterolemic and hypolipidemic mechanisms of bioactive
constituents in CCEB. The most abundant phytochemical
component in CCEB—phenol—is known to inhibit the
expression and the activity of 3-hydroxy-3-methylglutaryl-
coenzyme A, a critical enzyme in cholesterol synthesis
(Ricketts and Ferguson 2018). Our results further confirm
reports by previous researchers (Kermanshahi and Riasi
2006; Al-Kassie and Jameel 2009) on the cholesterol-low-
ering effects of a number of natural feed additives.

The progressive reduction (p < 0.05) in the bursa of Fab-
ricius of the birds with increasing supplementation of CCEB
was in accordance with reports by Wang et al. (2021) who
observed reduced bursa of Fabricius in chicks administered
herbal blends. The bursa of Fabricius is a primary lymphoid
organ for B cell lymphopoiesis, lymphocyte maturation, and
differentiation and development of the antibody repertoire
(Ifrah et al. 2017). Although birds used in the present study
were in a normal state of health, however, the findings may
indicate improved immunity in birds administered CCEB
as less production of antibodies against pathogenic organ-
isms will be necessary. This is in consonance with the study
of Sadler and Glick (1962) where bursa size influenced
antibody production with chicks with larger bursas produc-
ing more antibodies than their counterparts with smaller
bursa size. The non-significance finding on carcass parts
was in accord with earlier reports of Khattak et al. (2014)
who observed no differences (p > 0.05) in live and carcass
weights across treatments of broiler chickens supplemented
with a natural blend of essential oils. Sinurat et al. (2002)
and Mehala and Moorthy (2008) also reported no signifi-
cant effect of herbal mixtures on carcass yield and internal
organs. On the contrary, the study of David et al. (2015)
revealed herbal dietary supplements increased (p <0.05) live
weights and dressing percentages in broiler chickens. This

variation may be a result of differences in the herbal blends
used as well as their mode of administration.

The supplementation of CCEB did not influence duo-
denal morphological parameters. This result may imply
supplementation of CCEB improved duodenal health since
villus height and crypt depth play crucial roles in nutrient
digestion and absorption. Though literature is still limiting
on the effect of CCEB on intestinal growth and function in
broiler chickens, the result of the present study was con-
trary to the findings of Viveros et al. (2011) who observed
a significant (p < 0.05) reduction in villus height and crypt
depth in birds at 21 days of age fed dietary polyphenol-rich
grape products compared with birds fed control diet. On
the other hand, the supplementation of herbal extract and
mixed prebiotics significantly (p <0.05) increased the villus
height of the duodenum in broilers at 35 days of age accord-
ing to reports by Karukarach et al. (2016). Thus, conflicting
results may be a result of differences in the herbal blends,
mode of administration and age of poultry used. Further-
more, photomicrographs showed intestinal tissues from birds
administered 0, 5, 10 and 15 ml CCEB/litre of water with
evenly distributed, well and orderly differentiated glands
occupying approximately 18, 22, 33 and 32%, respectively,
of the mucosal thickness. This is quite difficult to explain
because the muscularis mucosa of intestinal tissues of each
treatment is of normal thickness and the intervening stroma
were thinly fibrocollagenous and infiltrated by florid popu-
lation of mononuclear inflammatory cells, predominantly
lymphocytes. According to Miles et al. (2006), the inclusion
of feed antibiotics in the diets of chicken reportedly leads to
a decreased thickness of intestinal walls.

From this study, it could be concluded that CCEB can
replace antibiotic use in broiler production due to the pres-
ence of bioactive compounds with phenols and tannins in
abundance. It was found that 15 ml of CCEB per litre of
water enhanced the production of HDL, reduced LDL and
improved immunity via the reduction of the bursa of Fab-
ricius, and it is hereby recommended for broiler chicken
production.
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