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ABSTRACT: The experimental feeding trial conducted for 28 days was carried out to examine the serum biochemistry
and haematological responses, organ proportion of broiler starter chickens fed graded levels of palm oil mill effluent
(POME). A total of 240 (two hundred and forty) day old marshal broiler chicks strain were used for the study. The chicks
were divided into 5 (five) treatment groups and within each group, replicated 4 (four) times at 12 chicks per replicate, feed
and water were given ad libitum. Different graded/replacement levels of POME with maize at diet 1(control) (0%), diet 2
(6%), diet 3 (12%), diet 4 (18%) and diet 5 (24%) respectively were investigated to ascertain the health implications in
feeding broiler chicks with POME by the blood profile and serum biochemical assessment in the study, using Completely
Randomized Design (CRD). Data collected were subjected to Analysis of Variances (ANOVA) using SPSS version 20,
results were interpreted using Duncan New Multiple Range Test for means separation. Dietary POME intake affects
significantly (p<0.05) serum protein, glucose blood levels, enzymes, cholesterol, triglyceride and haematological profile.
Organs proportion like, liver, lungs, kidney, pancreas and large intestine were (p<0.05) affected by dietary treatment.
Serum total protein, plasma protein, albumin, globulin, creatinine, urea and alanine amino transferase and white blood cell
were significantly decreased (p<0.05). Glucose, aspartate amino transferase, alkaline phosphatase, pack cell volume, red
blood cell, haemoglobin, mean corpuscular haemoglobin, mean corpuscular volume, mean corpuscular haemoglobin
concentration, significantly increased (p<0.05). Cholesterol blood levels for diet 5 was higher (p<0.05). Triglyceride blood
levels for control diet was higher (p<0.05). Cholesterol and triglyceride blood levels for diet 3 were (p<0.05) lowest. From
the results obtained from these findings, POME may have possessed some nutritional values required to improve health
and reproductive performance of the broiler chickens as alternative feeds replacement for maize.
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INTRODUCTION

Palm oil mill effluent (POME) is a good source of raw Zahangir, 2012). The production of carotenoid and
material for bioconversion through biotechnological tocopherols from POME (Wahid et al., 2004). Carotenoid
processes given it high concentration of carbohydrate, is a provitamin, the Beta-Carotene which is the precursor
protein, nitrogenous compounds, lipids and minerals, as of vitamin A, whose function in the maintenance of strong,
food, cosmetics and pharmaceuticals, and production of healthy skin and feather growth and as a source of potent

citric acid (Habib et al., 1997; Jamal et al., 2007; Aliyu and antioxidant for removing free radicals in chicks. Conver-
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sion of POME to potential feedstuff involves fermentation
(anaerobic, thermophilic and acidophilic), followed by
concentration (centrifugation or decantation down to 15 to
20% dry matter) (Perez, 1997; Chavalparit 2006), also
absorption on dry feeds such as cassava roots,
dehydrated grass, palm kernel meal, rice bran or by
conventional drying methods (Perez, 1997; Chavalparit,
2006). The raw effluent contains 90 to 95% water, residual
oils, soil particles, palm kernel shell, palm kernel fibres,
and suspended solids. POME contains a high
concentration of chemical oxygen demand (COD) ranging
from 45,000 to 65,000 mg/L, biochemical oxygen demand
(BOD) ranging from 21,500 to 28,500 mg/L and high total
suspended solids (TSS) ranging from 15,660 to 23,560
mg/L (Wong et al., 2009; Chan et al., 2013). Oil and grease
content in POME is as high as 4,000 mg/L with pH
between 3.4 and 4.7 (Bello et al.,, 2013). Chemical
composition of POME has been reported: 72.88% dry
matter, 10.17% crude protein, 19.20% ether extract,
8.13% crude fibre, 6.38% ash, 56.14% nitrogen free
extract, 3953.0 kcal/lg metabolizable energy, 0.193%
calcium, 0.381% phosphorus, 0.178% sodium, 0.372%
potassium, 0.246% magnesium, 156.570 mg/kg iron,
26.104 mg/kg zinc, 3.430 mg/kg copper and 8.139 mg/kg
manganese (Table 1) (Agida et al., 2019b). Wan Zahari et
al. (2009) also gave 91.1% dry matter, 11.1% crude
protein, 17.0% crude fibre, 12.0% ether extract, 9.0% ash,
50.5% nitrogen free extract, 0.70% caicium, 0.50%
phosphorus, and 6.52 MJ/Kg metabolizable energy. Habib
et al. (1997) reported 6.99% moisture, 12.75% crude
protein, 10.21% crude lipid, 14.88% ash, 29.55%
carbohydrate, 26.39% nitrogen free extract, 0.019% total
carotene, 8951.55 ug/g potassium, 94.57 ug/g sodium,
1650.09 pg/g calcium, 911.95 pg/g magnesium, 14377.38
Mg/g phosphorus, 13.32 ug/g sulphur, 11.08 ug/g iron,
10.76 pg/g copper, 17.58 pg/g zinc and 38.81 pg/g man-
ganese. Increase weight gain and better performance has
been reported on broilers and laying chicks fed diets with
POME (Agida et al., 2019b; Faradonbeh et al., 2011,
Alikwe et al., 2011). Some limiting factors in feeding chicks
with POME directly are the low protein and amino acids
contents, and the high fibre content (Sinurat et al., 2000).

High cost of livestock feeds and the attendant high cost
of poultry products arising from the cost of maize, make
protein needs of man unaffordable while reducing
expected marginal return to farmers, inadequate supply of
feed at the right quality and quantity to the birds as well as
lack of knowledge of feeding programmes and poor
technological application has kept the production at a
subsistent level. Recently, the fear about the future
availability of energy feeds for use in the farm animal diets,
around the world has been evident of discussion at various
meetings, conferences, proceedings, seminars and
workshops as revealed by Anigbogu and Adekule-Agbale
(2013). Cereals constitute the major energy feedstuff and
also make up more than one third of the finished feed for
poultry. Maize is an important source of energy in human
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nutrition and due to its high price; it is becoming more
expensive to use at high levels in poultry feeds. A by-
product of interest in palm oil production in term of
substituting energy in conventional monogastric diet is
palm oil sludge. Processing of palm fruit involves six
stages (sterilization, stripping, milling, separation, pressing
and clarification). The palm oil sludge is collected at the
stage of clarification after the palm oil has been skimmed,
what remains is called palm oil mill effluent. Palm oil mill
effluent is the final liquid discharge after extracting the oil
from the fruit bunch; it contains soil particles, residual oil
and suspended solid and represents 0.5% of fresh fruit and
can cause problem to the entire surrounding ecosystem.

In Nigeria over dependence on crude oil has resulted in
negligence and poor utilization of the enormous potential
benefits inherent in the agro-industrial by-product readily
available in the palm mill/processing industries, with
POME (palm oil mill effluent) as one of such. POME is a
waste product from the palm oil mill processing industries
that are little known and used in livestock feeds especially
poultry in Nigeria. The local oil palm processing industries
in Nigeria has high potentials for the production of high-
volume POME required to meet the value added advan-
tages in all round usage as animal feed from agro-
industrial by-products. Among rural dwellers in Cross River
State, the most common among them in palm oll
processing is that method described by Agida et al. (2019a)
especially in Ogoja and Boki, in those communities so
mention, there are folklore that fowls and most
domesticated livestock boost their immunity by feeding on
sludge/slurry from POME. Thus, POME that is relatively
uneconomical and as a waste agro processed product
could be on alternative to maize in broiler chicken diets.
Haematological studies are very important in diagnosing
the structural and functional status of the animal’s body
(Elagib et al., 2011). Haematological changes are routinely
used to determine various influences of environmental,
nutritional and or pathological factors (Graczyk et al.,
2003). For proper management of broiler chicken, it is
desirable to know the normal physiological values under
normal situation. For example, high PCV (%) and high Hb
(g %) are indicators of high feed conversion efficiency
(Nyaulingo, 2013). The haematological parameters of
healthy birds are influenced by many factors which include
feed restriction and nutrient conditions (Etim et al., 2014),
environmental factors (Vecerek et al., 2002; Graczyk et al.,
2003), fasting (Lamosova et al., 2004), nutritional contents
(Bashar et al., 2010), water and feed restriction
(Iheukwumere and Herbert, 2003; Boostani et al., 2010),
age (Talebi et al., 2005), continuous supplementations of
vitamin E (Tras et al., 2000), administration of drugs
(Squires and Julian, 2001; Suresh et al., 2012), breed
(Mushi et al., 1999) and aflatoxin (Oguz et al., 2000). Thus,
the study was conducted to evaluate serum biochemical
parameters, haematological profile and organ proportion
of broiler starter chicks fed graded levels of palm oil mill
effluent.
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Table 1 Mineral and proximate composition of palm oil mill effluent.

Minerals Values Proximate Values
Sodium % 0.178 Dry matter % 66.16
Potassium% 0.372 Ether extract % 23.58
Calcium % 0.193 Crude fibre % 2.67
Phosphorus % 0.381 Ash % 5.89
Magnesium % 0.246 Nitrogen free extract % 57.80
Iron (Mg/kg) 156.571 Meabolizadle energy (kcal/kg) 4.38
Zinc (Mg/kg) 26.662 Gross energy (kcal/kg) 4.80
Copper (mg/kg) 3.431

Manganese (mg/kg) 8.116

MATERIALS AND METHODS
Experimental site and materials collection

The experiment was carried out at the Poultry Unit,
Teaching and Research Farm of Michael Okpara
University of Agriculture, Umudike, Umuahia, Abia State.
The farm is located within latitude 05° 29! North and
longitude 07° 321 East. The farm lies in the altitude of 122
m and within the rainforest zone of south-east Nigeria,
which is bimodal rainfall pattern and total annual rainfall of
2177 mm, maximum ambient temperature ranged of 22 to
36°C during the hot dry season of the year (November-
March) and minimum ambient temperature range of 20 to
26°C during the cold rainy season (April-October). The
relative humidity ranges from 50 to 90% and is located in
warm humid tropics (NRCRI, 2017).

Procurement/processing of POME

The POME used for the experiment was collected from
Ishiborr Community in Ogoja Local Government Council
Area of Cross River State, Nigeria, was locally processed
based on traditional method of oil palm processing. The
POME was packed in a sack bag and allowed to stay for
24 hours to enable water to drain out, leaving the sludge
which was later air dried for 21 days Agida et al., (2019a).
This was then stored for chemical analysis and feed
formulation. The air-dried palm oil effluent was used in
formulating the experimental diets.

Processing of palm oil and collection of palm oil mill
effluent (POME)

Collection of POME was from a local/indigenous
processing method in Ogoja. Figure 1 show the flow chart
of palm oil processing. The palm oil mill effluent was then
packed in a bag to drain out the water leaving behind the
slurry/sludge as described by Agida et al. (2019a) in the
flow chart.

Experiment diets

Five experimental diets (D1, D2, D3, D4 and D5) were
formulated with POME included at 0, 6, 12, 18 and 24%
respectively to meet the nutrient requirements of the
broiler starter. The nutrient compositions of the
experimental diets are shown in Table 2.

Experimental animals and

management

layout/experimental

The experimental design was completely randomized and
the birds were reared on deep litter using wood shavings.
Two hundred and forty (240) day old chicks (Marshal
breed/strain) were allotted randomly to five experimental
diets and replicated 4 times with 12 birds per replicate. The
experiment lasted for 4 weeks. The birds were placed on
the experimental starter diets for four weeks, from the day
one. Feed and water were given ad-libitum, electric bulb,
stoves and lantern were used in providing illumination and
heat for the brooding stage. Routine drugs and vaccine
administration and hygienic conditions, were followed and
maintained.

Sample collection/laboratory analysis

At the end of the 28 days feeding trial, four birds per
replicate (12 birds/treatment) were sampled and blood
samples collected via wing veins using sterile 21G X 1Y%
(0.8 x 40 mm) needles and syringes into bottles containing
anticoagulant (ethylene diamine tetra acetic acid; EDTA)
for haematology as described by Lamb (1981). Pack cell
volume was determined using micro-haematocrit as
described by Coles (1986). Kachmar (1970) method for
haemoglobin concentration (Hb) of the blood samples
were analyzed using cyano-methaemoglobin. Schalm et
al. (1975) methods for red blood cell (RBC) and white
blood cell (WBC) counts were determined using haemo-
cytometer. Blood samples for serum biochemistry were
collected into 10ml test tubes without anticoagulant.
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Figure 1. Flow chat of processing of palm oil.

Serum was obtained by allowing the blood sampled to clot
at room temperature for 30 minutes, after which it was
centrifuged for ten minutes at 3, 000 revolutions per minute
using a table centrifuge. The clear serum supernatant was
then carefully aspirated with syringe and needle and
stored in a clean sample bottle.

Decanted sera from the coagulated blood samples were
saved by freezing at -180c until analyzed for serum
biochemistry according to Feng et al. (1973). Alanine
Aminotransferase (ALT) and Aspartate Amino Transferase
(AST) were determined by the Reintman-Frankel
colorimedric method for the in-vitro determination of ALT
and AST in serum or plasma using a Quimica Clinica
Aplicada (QCA) test kit according to Reitman and Frankel
(1975). For the in vitro determination of alkaline phosphate
in serum or plasma using phenolphthalein monophosphate
method as described by Klein et al. (1960) and Babson et
al. (1966). Total protein was determined in-vitro according

to Lubran (1978). The in-vitro determination of albumin in
serum was done using modified Jaffe method (Blass et al.,
1974). Serum cholesterol and glucose for in-vitro
determination was analysed using enzymatic colorimetric
method (Allain et al., 1974). The data collected were
subjected to one-way analysis of variance for
haematological variables serum biochemistry.

Data analysis

Data collected were subjected to one-way analysis of
variance (ANOVA) as described by Steel and Torrie
(1980). Where significant differences were found, the
means were separated and compared using Duncan's
New Multiple Range Test (DNMRT) (Duncan, 1980).
Statistical computations were done using IBM SPSS (20th
edition).
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Table 2 Composition of experimental diets.

Diets/Ingredient (%)

Parameters

D1 (0.0) D2 (6.0) D3 (12.0) D4 (18.0) D5 (24.0)
Maize 57.9 51.9 45.9 39.9 33.9
Soya bean meal 35.6 35.6 35.6 35.6 3.56
POME - 6.0 12.0 18.0 24.0
Fish meal 3.00 3.00 3.00 3.00 3.00
Bone meal 1.70 1.70 1.70 1.70 1.70
Oyster shell 1.00 1.00 1.00 1.00 1.00
Vitamin/mineral premix 0.25 0.25 0.25 0.25 0.25
Methionine 0.15 0.15 0.15 0.15 0.15
Lysine 0.20 0.20 0.20 0.20 0.20
Salt 0.20 0.20 0.20 0.20 0.20
Total (kg) 100 100 100 100 100
Crude Protein (%) 23.031 23.151 23.271 23.391 23.510
ME (kcal/kg) 2955.6 3142.8 3330.0 3517.2 3704.4
Ether Extract (%) 3.46 3.84 4.55 4.58 4.93
Crude Fibre (%) 2.92 4.02 5.18 6.20 7.23

Vitamin-mineral premix supplied (per kg of diet); Vitamin A, 2500lu, Vitamin D3 2600lu, Riboflavin 9.0g, Biotin 0.25mg, Vitamin B, 2.5mg, Vitamin By,
8.0mg, Nicotinic acid 8.0mg Iron 3.50mg, Manganese 10mg, Zinc 4.5mg, Cobalt 0.02mg, Selenium 0.01mg.

RESULTS

Serum total protein, plasma protein, albumin, globulin,
creatinine and blood urea differed (p<0.05) significantly as
presented in Table 3. Serum total protein showed
significant (p<0.05) differences among treatment levels.
Broiler chicks fed control diet had highest serum total
protein, which decreased as the inclusion levels of palm oil
mill effluent (POME) increased. Plasma protein showed
significant (p<0.05) differences among treatment levels.
Broiler chicks on control diet had highest plasma protein
concentration which decreased in the order of POME
inclusion. Albumin concentration showed significant
(p<0.05) differences among treatment, the highest
albumin concentration observed with broiler chicks fed
control diet and it decreased as the level of POME
inclusion increased. Mean albumin concentration
observed with broiler chicks fed experimental diets, were
below normal standard range (2.0 to 3.5 g/dl) as reported
by Ross et al. (1978). Globulin concentration showed
significant (p<0.05) differences among treatment, the
highest globulin concentration recorded among broiler
chicks fed control diet, and it gradually decreased with
increased POME inclusion. Creatinine content of broiler
chicks fed experimental diet differed (p<0.05) among
treatment levels. Broiler chicks fed control diet had the
highest creatinine concentration and decreased gradually
with increased POME inclusion levels. Urea blood levels
were significant (p<0.05) among treatment. The blood urea
blood content showed highest value for chicks fed control
diet, and this decreased with increased level of POME
inclusion. The urea blood levels obtained with broiler
chicks fed diet 2, 3, 4 and 5, were between standard

normal range (2 to 8mg/dl) with that of healthy broiler
chicks reported by Ross et al. (1978) for biochemical
indices.

Table 4 present data on glucose levels, enzymes, choles-
terol and triglycerides. All parameters differed (p<0.05)
significantly among treatment. Glucose levels in broiler
starter chicks fed experimental diet were significantly
(p<0.05) influenced by dietary treatment with POME.
Chicks fed diet showed increased glucose levels/content
with increased POME inclusion. Highest blood glucose
obtained for chicks fed diet 5, while the lowest blood
glucose obtained with chicks fed control diet, normal range
for glucose levels in broiler chicks as reported by Ross et
al. (1978) is 125 to 200 g/dl, this showed that only diet 5
had glucose level above the normal range. Aspartate
amino transferase (AST) were significantly (p<0.05)
increased with and increased inclusion of POME, with the
highest AST on broiler chicks fed diet 5, the lowest AST
were obtained for chicks fed control diet, all values for
Aspartate Amino Transferase were between that reported
by Ross et al. (1978) for normal range of broiler chicks.
Alanine amino transferase (ALT) decreased significantly
(p<0.05) as POME inclusion levels increased. Chicks fed
control diet showed highest ALT content, while the lowest
were obtained for chicks fed diet 5, chicks fed diet 3 and 4
were numerically similar, all values obtained for Alanine
amino transferase were below that of the normal range
reported by Ross et al. (1978). Alkaline phosphatase
(ALP) increased significantly (p<0.05) among treatment
levels, with increased POME inclusion. The highest ALP
values were observed with chicks fed diet 5, while the
lowest were seen in chicks fed control diet. Cholesterol
levels differed significantly (p<0.05) among treatments.



Table 3. Data on serum protein.
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Percentage replacement with palm oil mill effluent

Parameters D1 (0.0) D2(6.0) D3(120) DA(180) D5(240) -
Serum Total Protein (g/dl) 3.932 3.62° 3.33¢ 3.32¢ 2.80d 0.10
Plasma Protein (g/dl) 4.202 4.16% 3.65° 3.54b 3.15¢ 0.21
Albumin (g/dI) 1.852 1.40P 1.35¢ 1.34¢ 1.30¢ 0.05
Globulin (g/dl) 2.282 2.13 1.97¢ 1.92¢ 1.544d 0.06
Creatinine (mg/dl) 0.582 0.33° 0.31° 0.22° 0.18¢ 0.04
Urea (mg/dl) 15.962 7.18° 4.78° 2.38d 0.78¢ 1.43

Values on the same row with the same letter(s) superscripts are not significantly different (P<0.05). Values on the same row with the
same letter(s) superscripts are significantly different (P<0.05), SEM: Standard error of mean.

Table 4. Data on glucose level, enzymes, cholesterol and triglyceride.

Percentage replacement with palm oil mill effluent

Parameters DL(0.0) D2(60) D3(120) D4(180) D540 -V
Glucose (g/dl) 162.33¢ 182.674 187.00¢ 197.00° 247.672 7.69
Aspartate Amino Transferase (ul) 95.00¢ 108.00¢9 113.00¢ 131.00° 139.002 4.26
Alanine Amino Transferase (ul) 7.332 6.002° 5.00° 5.00° 4.00¢ 0.38
Alkaline Phosphatase (ul) 248.67°  260.81¢ 276.31° 326.320 407.252 15.53
Cholesterol (mg/dl) 86.95¢ 95.95¢ 83.76¢ 100.58P 106.582 2.25
Triglyceride (mg/dl) 53.29° 20.06¢ 19.12¢ 24.12° 51.28° 411

Values on the same row with the same letter(s) superscripts are not significantly different (p<0.05). Values on the same row with the
same letter(s) superscripts are significantly different (p<0.05), SEM: Standard error of mean.

Table 5. Data on haematological profile.

Percentage replaced with palm oil mill effluent

Parameters D1 (0.0) D2 (6.0) D3 (12.0) D4 (18.0) D5 (24.0) SEM
Pack Cell Volume (%) 24.33¢ 27.509 30.97¢ 31.500 32.00° 0.78
Red Blood Cell (x10%ul) 2.56° 2,69 2.700 2,78 2.96 0.04
White Blood Cell (x108/4) 35.50° 26.05b 14.45¢ 10.15¢ 9.90° 2.68
Haemoglobin (g/dl) 6.65¢ 8.41° 8.41¢ 8.79° 9.732 0.27
MCH(Pg) 25.94¢ 28.41¢ 31.27¢ 32.65 32.80° 0.71
MCV (fl) 92.70¢ 102.222 104.03° 106.42° 118,522 2.00
MCHC (g/dI) 26.71¢ 27.10¢ 27.64° 30.58" 31.39° 0.51

Values on the same row followed by the same letter(s) superscripts are not significantly different (p<0.05). Values on the same row with different
letter(s) superscripts are significantly different (p<0.05). MCH: Mean Corpuscular Haemoglobin, MCV: Mean Corpuscular Volume, MCHC: Mean

Corpuscular Haemoglobin Concentration, SEM: Standard error of mean.

Chicks fed diet 5 had highest blood cholesterol value,
followed by chicks fed diet 4, 2 and 1 (control), while the
lowest blood cholesterol levels were obtained with birds
fed diet 3. The results for the cholesterol levels were
between normal standard range 52 to 148 mg/dl as
reported by Ross et al. (1978) and Onibi et al. (2011).
Triglyceride blood levels differed (p<0.05) significantly
among treatments. Broiler chicks on diet 1 (control) had
highest blood triglyceride levels, followed by chicks fed diet
5, 4 and 2, while chicks fed diet 3 had lowest blood
triglyceride levels.

Data on haematological profile as presented on Table 5
were significantly (p<0.05) influenced by dietary
treatments. Pack Cell Volume (PCV), red blood cell (RBC)
and haemoglobin differed significantly (p<0.05) among
treatments, both increased with increased levels of POME.
Red blood cell (RBC) differed significantly (p<0.05) among
treatments. White blood cell (WBC) were significant
(p<0.05) among treatments and it decreased as the POME
inclusion level increased. Mean corpuscular haemoglobin,
mean corpuscular volume, and mean corpuscular
haemoglobin concentration were found (p<0.05) to have
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Table 6. Data on internal organ profile.

Percentage replaced with palm oil mill effluent

Parameters D1 (0.0) D2(6.0) D3 (12.0) D4 (18.0) D5 (24.0) SEM
Heart 0.48 0.44 0.49 0.58 0.60 0.03
Kidney 0.962 0.8820 0.72abc 0.58bc 0.52¢ 0.06
Lungs 0.4820 0.54420 0.552b 0.582 0.34b 0.03
Liver 3.402 2.92b 2.600¢ 2.33¢ 2.24° 0.13
Pancreas 0.432b 0.542 0.502 0.502 0.34° 0.02
Gizzard 2.58 2.70 2.32 2.57 2.65 0.09
Small Intestine 5.26 5.40 4.95 5.13 4.98 0.12
Large Intestine 1.05° 1.05° 1.712 0.91° 0.86° 0.09
Proventriculus 0.62 0.79 0.55 0.75 0.60 0.04
Crop 0.62 0.93 0.66 0.66 0.60 0.04

Values on the same row with the same letter(s) superscripts are not significantly different (p<0.05). Values on the same row with the same
letter(s) superscripts are significantly different (p<0.05), SEM: Standard error of mean.

increased with increased POME.

Organ proportion were significantly (p<0.05) influenced
by treatment levels as presented on Table 6. Heart
proportion for chicks fed experimental diets were not
influenced (p>0.05) by dietary treatment levels. Organ
proportion on the kidney were influenced (p<0.05) by
treatment levels. Highest kidney proportion were obtained
for chicks fed control diets, which decreased as POME
inclusion levels increased. Lungs proportion differed
(p<0.05) among treatments. The highest among chicks fed
diets were obtained in diet 4 and lowest in diet 5, chicks
fed control diet, were relative statistically among chicks fed
diet 2 and 3. Liver proportion differed (p<0.05) among
chicks, with the highest liver proportion found on control
diet, which decreased with increased POME inclusion.
Pancreas proportion on broiler chicks fed diets were
highest (p<0.05) among broilers chicks fed diet 2, 3 and 4,
while chicks on control diet were relative statistically
among treatments, with the lowest pancreas proportion
among chicks fed diet 5. Gizzard and small intestine
proportion were not influenced (p<0.05) with dietary
treatments. Proportion on large intestine were highest
(p<0.05) among broiler chicks fed diet 3, while chicks fed
diet 1 (control), 2, 4 and 5 were relatively statistically with
the lowest on diet 5. Proportion on proventriculus and crop
were not significant (p<0.05) among treatments.

DISCUSION

On the feeding of starter broiler chicks with POME, serum
biochemical, haematological parameters and organ
proportions differed (p<0.05) among the treatment diets.
Serum biochemical parameters results were shown to
have had direct gradient effects on the chicks. Blood
biochemical analysis is widely used to assist the diagnosis
and characterization of diseases in most animal species,
but it is seldom used in avian species. However, it is an

important tool, as some metabolic disorders are difficult to
detect only by clinical signs (Andreasen et al., 1996). It can
also assist the monitoring of poultry health, the diagnosis
and treatment of diseases, and to assess their health
status (Schmidt et al., 2007). Serum total protein, plasma
protein, albumin, globulin, creatinine and urea all
decreased with increased inclusion of POME, which is
relative to direct effect and response of the chicks on
treated diets. According to Harr et al. (2002), serum total
protein values of broilers tend to be lower than those of
mammals, ranging from 25.00 to 45.00 g¢g/L. Among
numerous factors that influence the concentration of
serum proteins, age plays an important role in the
physiology. Generally, concentration of proteins is
significantly lower in young animals than in adults (Kaneto
et al., 1997). Urea and creatinine are nitrogenous end
products of metabolism. Urea is the primary metabolite
derived from dietary protein and tissue protein turnover.
Creatinine is the product of muscle creatinine metabolism.
The blood urea nitrogen is roughly one-half (0.47) of the
blood urea. The normal range of urea nitrogen in blood or
serum is 5 to 20 mg/dl or 1.8 to 7.1 mmol urea per litre.
The normal serum creatinine varies with the subject body
muscle mass and with the technique used to measure it.
The normal range of serum creatinine is 0.6 to 1.2 mg/dl,
or 53 to 106 p mol/l by the kinetic or enzymatic method,
and 0.8 to 1.5 mg/dl, or 70 to 133 p mol/l by other older
manual Jaffe reaction.

The ultimate source of energy for most cells is glucose.
Level of glucose found from the blood serum of broiler
chicks fed experimental diets had increased
proportionately, thus gave an indication that palm oil mill
effluent (POME) contained simple carbohydrate source
readily available for the animal as compare to maize.
These has also followed with increased glucose base
enzyme alkaline phosphatase. Amino acids base enzymes
aspartate amino transferase and alanine amino trans-
ferase were also affected by dietary treatments. Aspartate



amino transferase, a four carbon atom amino based-
enzyme required for the synthesis of aspartic acids, a non-
essential amino acids were found to have increased with
increased POME, an indication of increased utilization of
aspartate by the chicks. Alanine amino transferase, a three
carbon atom amino based-enzyme were found to
decreased with increased POME inclusion. This could
have indicated that the aspartate amino transferase might
have supported the synthesis of aspartic acids from the
increased glucose supplied from POME inclusion levels.
While alanine amino transferase might have favoured the
production of alanine based essential amino acids from the
reverse as to a decreased POME supply in the diet.
Cholesterol blood levels for broiler chicks were between
normal standard range as reported by Onibi et al. (2011)
and Ross et al. (1978), it is an indication that POME
showed no detrimental effects to excess fat accumulation
around muscles and liver. The triglyceride for dietary levels
were lower than that of the control diet. There was no case
of hypercholesterolmanic tendency as observed among
experimental animals.

Pack cell volume (PCV), red blood cell (RBC) and
haemoglobin were found to increase with increased POME
inclusion. Findings from other authors suggested that
since PCV is derived from red blood cell (RBC), increase
or decrease in the number of RBC has direct effect on PCV
and haemoglobin which conform with the results from the
findings. Results presented from these studies showed an
increased in PCV, having direct effects with corresponding
increase in RBC and haemoglobin. The PCV values
obtained from the experimental diets were within the
physiological range of 22 to 35, 26 to 33 and 24.87 to
32.75% as stated respectively by Jain (1986), Godwin et
al. (1992) and Onyishi et al. (2017), the PCV for that
reported by Talebi et al. (2005) for four different strains of
broiler (Arian, Arbore-Acres, Ross and Cobb) showed only
broiler chicks fed control and diet 2 falling below the range
29.85 to 32.80% at day 28. Value for RBC showed only
broiler chicks fed diet 5 slightly above range 2.38 to 2.79
(x108/ul) as stated by Talebi et al. (2005). For that of
Onyishi et al. (2017), range 2.23 to 2.70 (x10*%/l) had diet
5 and 4 slightly above stated range. Haemoglobin values
were all below range 14.57 to 15.00 g/dl and 12.60 to
13.42¢g/d| reported respectively by Onyishi et al. (2017)
and Talebi et al. (2005). Normal red blood cell, pack cell
volume and haemoglobin production requires diets
containing protein, iron, copper, vitamin B2, Bs, Bi2 and
folic acids (Nyaulingo, 2013). Nyaulingo (2013) further
stated that high RBC, PCV and haemoglobin are indicators
of high feed conversion efficiency. Low PCV is an
indication of anemia or polycythemic disorder. This could
be an indication that POME must have contained trace
amount of iron, copper, and the vitamin B complex,
responsible for the production of the blood cells. White
blood cell (WBC), were found to have decreased with
increased POME inclusion. Talebi et al. (2005) and
Onyishi et al. (2017) stated normal standard range for
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broilers as 21.87 to 22.74 (x103%ul) and 8.96 to 11.04
(x10%ul). Reports from various authors on laboratory
analysis for haematological profiles explained that high
WBC above normal range for animals, is an indication that
the animal maybe diseased or undergoing stress.
Decreased WBC with increased POME inclusion as
presented in this study might be an indication of
prophylactic active ingredients found in POME. Since
white blood cells in the avian species, in general, serve to
phagocytic function similar to their mammalian
counterparts (Campbell and Coles, 1986). The mean
corpuscular haemoglobin (MCH) is the concentration of
haemoglobin in a given volume of packed red blood cells.
The value for MCH were below normal range 54.38 to
56.14 Pg and 46.8 to 56.14 Pg reported by Onyishi et al.
(2017) and Talebi et al. (2005), respectively. This might be
an indication of dietary treatments. Mean corpuscular
volume (MCV) is the expression of the average volume of
individual red blood cells. MCV were within normal range
92.42 to 148.88(fl) reported by Onyishi et al. (2017), except
for that of the control diet all others MCV were within range
113.8t0 129.41(fl) stated by Talebi et al. (2005). The mean
corpuscular  haemoglobin  concentration  (MCHC)
measures the concentration of haemoglobin in a given
volume of packed red blood cells. Values for MCHC were
below normal range 49.08 to 60.21(g/l) and 34.6 to
43.93(%) reported by Onyishi et al. (2017) and Talebi et al.
(2005),  respectively. Information indicate  that
haematological values of avian species are also
significantly influenced by poultry diseases including fowl
typhoid (Kokosarov and Todorova, 1987), mycoplasmosis
(Branton et al., 1997; Burnham et al., 2003), infectious
bursal disease (Panigrahy et al., 1986; Juranova et al.,
2001), Newcastle disease (Galindo-Muniz et al., 2001) and
toxoplasmosis (Kaneto et al., 1997). They have been no
standard for haematological profiling for poultry as regards
reference nutritional requirements of broiler chickens
world-wide.

Internal organ proportion were significantly affected on
kidney, lungs, liver, pancreas and the large intestine.
Those organs so affected by dietary treatments levels, are
major organs were hormonal and enzymatic secretions for
the breakdown, digestion and assimilation of food takes
place are kidney, liver and the pancreas. The liver and the
kidney size decreased with increased POME. Reports
from several authors stated that high fatty feeds caused
adipose accumulation around the liver and the muscles
tissues, increasing the weight of the liver.

Conclusion

The present study indicates that, serum protein, glucose
level, enzymes, cholesterol, triglyceride and
haematological profile were all affected by dietary
treatment with POME. Serum protein and alanine amino
phosphatase decreased with increased POME, glucose,
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aspartate amino transferase, and alkaline phosphatase
had increased. Cholesterol decreased at diet 3 and
increased at diet 5, while triglyceride also decreased at diet
3 and increased at the control.

Haematological profile for PCV, RBC, haemoglobin,
MCH, MCV, and MCHC had increased with increased
POME dietary inclusion, that of WBC had increased.
Internal organ was only affected on lungs, liver, kidney,
pancreas and the large intestine. From the results
obtained from this study, POME may have possessed
some nutritional values required to improve health and
reproductive performance of the broiler chickens as
alternative feeds replacement for maize.
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