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Abstract
A study was conducted to evaluate effect of feeding effective microorganisms (EM), turmeric (TP) and
their combination (EM-TP) as natural feed additives on meat quality, some blood pro�les and cecum
bacterial load of broilers. A total of 192 chicks were assigned into one of four treatments control (CTL),
1ml/lit EM, 1% TP, 0.5 ml/lit EM and 0.5% TP (EM-TP) in a completely randomized design. Feed additives
had higher (P < 0.05) b*(yellowness) value in breast and thigh meat color for TP and EM-TP than the
other treatments. Shear force value is higher (P < 0.05) in CTL than the other in both breast and thigh
muscles. The highest (P < 0.05) fat content was for CTL. The moisture, CP and ash of breast and thigh
meat were similar (P > 0.05) except crude fat percentage which was higher (P < 0.05) for CTL group. High
result (P < 0.05) in alkaline phosphatase (ALP) for EM and EM-TP while Cholesterol content, Low-Density
Lipoprotein (LDL), and Triglycerides concentrations were decreased signi�cantly (P < 0.05) by
consumption of EM, T, P, and EM-TP than the control group. There were high (P ≤ 0.05) population of
total coliform count and E. coli bacteria were counted in CTL than the other treatment group. In
conclusion, experimental additives can lower the crude fat in meat composition, blood cholesterol level,
blood LDL cholesterol, triglyceride concentration and markedly reduced total coliform count and E. coli
bacteria in the intestinal contents of broilers thereby improving gut e�ciency and gut health of broiler
chicken.

1. Introduction
The use of probiotics to competitively exclude the colonization of intestinal pathogens has been
proposed for poultry, especially after some countries banned certain antibiotics being frequently included
in rations as growth promoters (Salminen et al., 1998).

Many studies have found that including probiotic species such as Lactobacillus, Streptococcus, Bacillus,
Bi�dobacterium, Enterococcus, Aspergillus, Candida, and Saccharomyces in broiler nutrition improves
growth performance, intestinal health, immune status, microbial load and meat characteristics like
keeping quality, and sensory evaluation in broiler nutrition (Kabir, 2009). Probiotics are shown to
bene�cially affect the host animal by improving its intestinal microbial balance and prebiotics help the
host by selectively promoting the growth and activity of one or a restricted number of bacteria in the
colon (Kabir, 2009). It is suggested that such supplements alter the gut �ora and increase intestinal
absorption, which boosts overall performance (Sohail et al., 2012 and Caly et al., 2015).

The other feed additive, turmeric is a phytobiotic which is an essential medicinal herb that is used in
chicken feed as a dietary supplement. Turmeric is the dried rhizome of Curcuma longa L., an herbaceous
plant and native to South Asia. It is grown in tropical countries viz., Ethiopia, India, Pakistan, Myanmar,
Chile, Peru,, etc. Turmeric (Curcuma longa) is one of exported spice in Ethiopia, Southwest Ethiopia
produce this spice as a cash crop and many livelhoods is dependent on it for a living. India is the world
biggest exporter and producers of turmeric, whereas, Ethiopia is the biggest exporters and producers of
turmeric in Africa (Chaudhary et al., 2006). Turmeric's primary bioactive component is curcumin
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(diferuloylmethane). It makes up 3–5% of the curcuminoids in turmeric rhizomes and is a powerful
phenolic antioxidant (Stankovic, 2004; Jaggi, 2012). It improves broiler performances and endogenous
digestive enzyme secretion, as well as triggering immunological responses and antibacterial and
antioxidant properties in chicken (Burt, 2004; Khan et al., 2012). Antioxidant activity and blood
biochemistry parameters are essential indicators of health and nutrient metabolism in an organism's
body (Lokesh et al., 2012). The effects of turmeric powder on blood biochemistry markers and
antioxidant capacity in broiler chickens have been documented in numerous studies (Emadi et al., 2007;
Gowda et al., 2009; Daneshyar, 2012; Hussein, 2013). And also, turmeric powder signi�cantly increased
crude protein content in breast meat and signi�cantly decreased ether extract in thigh meat in broilers
supplemented with turmeric powder (7 g / kg) compared to the non-supplemented diet (Hussein, 2013).

Furthermore, previous research on the mode of action of phytobiotic substances and probiotic strains has
shown the possibility of synergism between these classes of drugs and the performance of creatures
(Hossain et al., 2012). The �nding of Kim et al. (2007) indicated that plant extracts and Lactobacillus
spp. maybe utilized as options to anti-microbial development promoters for the advancement of the
development performance of broiler chicks. However, little information is available on the synergistic
effects of probiotic and turmeric inclusion in broilers’ diets on broiler meat quality and health bene�ts.
Therefore, the objective of the present study was to assess the effect of effective microorganism,
turmeric and their combination as an additive on meat quality, hematological parameters, serum
chemistry and cecum bacterial load in broiler chickens.

2. Materials And Methods

2.1. Management of experimental birds
The experiment was conducted for 42 days. Before the beginning of the actual experiment, the
experimental house was washed and disinfected; the �oor was covered with teff straw at the depth of
7cm and disinfected using hydrogen peroxide thoroughly before placement of the birds. Each pen was
equipped with a 250-watt infrared heat bulb.

A circular plastic feeder and waterer were placed in each of the pens a day before the placement of the
birds. A total of one hundred- and ninety-two-day-old unsexed broiler chicks were purchased from Alama
farm of Bishoftu, Ethiopia and transported to Haramaya University poultry farm. Water was available all
the time and measured quantities of the experimental ration were provided on ad-libitum (~ 15.07%
refusal) twice a day at 8:00 and 16:00 hrs. The refusals were recorded every morning for the
determination of feed intakes. Bodyweight was measured at the beginning and a weekly interval during
the experimental period and the end of the feeding trial using sensitive balance. The standard bio-security
protocol was employed throughout the experimental period. The chicks were vaccinated against
Newcastle disease (HB1) on day 7 and Lasota a booster dose on day 21 through eye drop

2.2. Dietary treatment and experimental design
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The ingredients used for ration formulation were corn grain, wheat short, soybean meal, noug seed cake,
turmeric, vitamin premix, di-calcium phosphate, limestone, salt, lysine, and methionine which were
formulated as per the recommendation of the National Research Council (NRC, 1994). Corn grain, noug
seed cake, and turmeric were hammer milled at 5mm sieve size and mixed based on a dry matter basis.
lysine, methionine, di-calcium phosphate, and vitamin premix were added to the feed during mixing
without hammer milling.

Adequate quantities of activated EM·1 packed in a plastic jar were obtained from Weljijie PLC located in
Bishoftu, Ethiopia and transported to Haramaya University poultry farm and stored in dry place until used.
The EM preparations used in this study were made following the guidelines prepared by EMROSA (2003),
where activated EM·1 (1ml/liter) was added directly into chlorine-free clean drinking water which consists
lactic acid bacteria (Lactobacillus and Pedicoccus) at 1 x 105 CFU/ml suspensions, yeast
(Saccharomyces) at 2 x 106 CFU/ml suspension and fewer amounts of photosynthetic bacteria,
actinomyces and other organisms (Matthew, 2002).

The treatment rations were formulated using Feed win software to be isocaloric and isonitrogenous to
meet the nutrient requirement standards for broilers (NRC, 1994). Accordingly, the starter treatment
rations contained about 3000 kcal ME/kg DM and 22% crude protein, while the �nisher treatment rations
contained 3100 kcal ME/kg DM and 19% crude protein (Table 1). The starter phase was until 3 weeks of
age while the �nisher phase was from 4th up to 6th weeks of age.
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Table 1
 The proportion (%) of ingredients and chemical composition of experimental diets

Ingredients Starter (1–3 weeks) Finisher (4–6 weeks)

CTL EM TP EM-TP CTL EM TP EM-TP

Maize 59 59 59 59 61.7 61.7 61.7 61.7

Wheat short 3 3 3 3 8 8 8 8

DL-methionine 0.5 0.5 0.5 0.5 0.1 0.1 0.1 0.1

Soybean meal 18 18 18 18 14 14 14 14

Noug seed cake 17 17 17 17 14 14 14 14

Vitamin premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Salt 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5

Limestone 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

L-Lysine 1 1 1 1 0.5 0.5 0.5 0.5

Dicalcium phosphate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Total 100 100 100 100 100 100 100 100

Turmeric (g/kg) 0 0 1 0.5 0 0 1 0.5

EM (ml/L) 0 1 0 0.5 0 1 0 0.5

Composition

(% DM basis)

               

Crude protein 21.08 21.08 21.43 21.65 18.99 18.99 19.31 19.51

ME (kcal/kg DM) 2968 2968 3005 2992 3095 3095 3133 3119

Ether extract 4.10 4.1 4.51 4.35 4.31 4.31 4.43 4.28

Crude �ber 3.30 3.30 3.12 3.05 3.72 3.72 3.65 3.57

Ash 11.13 11.13 12.5 12.13 12.35 12.35 13.04 12.59

Calcium 1.23 1.23 1.79 1.02 1.23 1.23 1.04 1.05

Phosphorus 0.2 0.42 0.65 0.67 0.53 0.53 0.75 0.68

DM = dry matter; CTL = Control EM = Effective Microorganisms; TP = Turmeric Powder; CP = crude
protein; ME = Metabolizable energy; Ca = Calcium; P = phosphorus

The chicks were assigned to four dietary treatments having CTL = control /no additive, EM = CTL + 1 ml/lit
effective microorganisms, TP = CTL + 1% turmeric powder, EM-TP = CTL + combination of 0.5 ml/lit EM + 
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0.5% TP following a completely randomized design of 3 replications for each treatment. Treatment
groups consisted of 48 birds which were randomly distributed to replicate groups (16 birds / replicate).

2.3. Data collection and measurements of parameters

2.3.1. Meat quality traits
Meat color

The meat color from the breast and thigh was determined according to the method of AMSA (2012) using
a colour �ex spectrophotometer (Hunter Lab Reston, VA, USA). The device was calibrated against black
and white reference tiles prior to use. A total of three readings for each sample of L*(lightness), a*
(redness), and b*(yellowness) were recorded and then the average value was calculated for each sample
(Hunt 1980).

Cooking loss

Forty-�ve minutes post-slaughter, raw breast and thigh muscle (20–30 g) from the left side (to keep
uniformity) of the carcass were cut, weighed and sealed in a plastic bag (30 microns) and cooked in a
thermostatically controlled water bath (Fisher Scienti�c, Pittsburgh, PA) at 75°C for 45 minutes as
described by Rizz et al. (2007). Then, the samples were cooled in running water for 15 minutes, dried with
soft tissue, and weighed.

Cooking loss was calculated as sample weight before cooking minus sample weight after cooking
×100/sample weight before cooking (Petracci and Baéza 2009).

Meat pH

Meat pH was measured on the breast and thigh muscle of the slaughtered bird 24 h after slaughter using
a portable digital pH meter (CRISON pH24, CRISON Instruments SA, Spain) with a piercing electrode. After
every 20 measurements, the pH meter was calibrated with pH4 and pH7 standard buffer solutions (Ingold
Messtechnik AG, Udorf, Switzerland).

Instrumental tenderness determination

Steak preparation

Each sample was thawed for 24 hours at room temperature (24-25oC) for steaks preparation. The steaks
were prepared according to procedures developed by AMSA (2015).

Determination of tenderness

The Warner-Bratzler shear force (WBSF) method was used to determine instrumental tenderness (AMSA,
1978). The steak was allowed to cool down to room temperature for about an hour to evaluate
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instrumental tenderness using WBSF. After cooling, the steak was cut across the long axis putting the
knife tip on the heavy connective tissue side (dorsal) and the handle of the knife on the ventral side to
expose the �ber direction. Three to six cores were removed parallel with the muscle �bers. The muscle
�bers were needed to run parallel with the core so that the shear was across the grain. The WBSF device
was used to shear each core. The shear was across the middle (center) on each core. The peak values of
WBSF were recorded in N (Newton) for each core. The average values for the three to six cores were taken
for the determination of the value of each steak.

2.3.2. Sensory evaluation: The determined sensory parameters were juiciness, tenderness, �avor and
overall acceptance. Skinless breast samples were frozen until cooking; the pieces were thawed at room
temperature minced and cut into 2.5 cm cubes. The breast meat was cooked for 15 minutes on a pan.
After cooking, the pieces were cooled to room temperature. The breast meats were evaluated following
the sensory pro�le procedure (ISO, 2003). The panel consists of 10 trained panelists from Haramaya
University Animal and Range Science staff members and post-graduate students. Panelists were
instructed to chew and taste the meat and rinsed their mouths with bottled drinking water which was kept
at room temperature between each sample and paused for 20 seconds before tasting the next sample.

A �ve-point category scale was used to evaluate the sensory characteristics of the products as follows:

Aroma and Flavor: very weak (1), weak (2), intermediate (3), strong (4), very strong (5). Juiciness: very
juicy (1), juicy (2), intermediate (3), dry (4), very dry (5).

Overall acceptability

like very much (1), like (2), intermediate (3), dislike (4), dislike very much (5).

2.3.3. Chemical analysis of feed and meat
Representative samples of ingredients were analyzed for chemical composition before ration formulation
(Table 2).
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Table 2
Chemical composition of feed ingredients (% dry matter, except dry matter and metabolizable energy)
Feed ingredients Chemical Composition

DM% CP EE Ash CF Ca P ME (kcal/kg DM)

Corn grain 90.5 8.78 4.28 4.73 2.97 0.03 0.83 3736.3

Wheat short 91.0 15.0 3.84 5.02 9.87 0.19 0.78 2980.3

Soybean meal 93.75 39.68 8.53 6.37 6.04 0.34 0.66 3618.0

Noug seedcake 93.0 30.8 7.84 9.38 18.5 0.33 0.32 2314.3

Turmeric Powder 89.37 8.63 3.99 4.15 1.65 0.28 0.15 3852.4

DM: Dry mater CP: crude protein; EE: ether extract; CF: crude �ber; ME: Metabolizable energy; Ca:
Calcium; P: phosphorus;

The chemical analysis of breast and thigh muscle was carried out with out skin. The meat samples from
breast and thighs of each slaughtered bird were minced separately, dried and homogenized and analyzed
for moisture, crude protein, fat and ash content using standard methods (AOAC, 2011).

2.3.4. Hematology and serum biochemical indices
At the end of the experiment, blood samples (5 ml each) were collected from the wing vein of 12 hens
from each treatment and analyzed for hematology and chemistry. 2.5 ml of blood was drawn into EDTA
(Ethylene Diamine tetra acetic acid) tube for the determination of total red blood cell (RBC), hemoglobin
(Hb), packed cell volume (PCV), white blood cell (WBC) total protein (TP), and serum cholesterol
concentration. The RBC and WBC were determined by using an improved Neubauer hemocytometer
chamber (Dacie and Lewis, 1991). Hemoglobin concentration was determined by using Actin hematin
methods. The packed cell volume (PCV) was determined by microhematocrit (capillary) tubes method
and centrifuged at 3000 revolutions per minute (rpm) for 5 minutes and reading on hematocrit reader.
Finally, serum was harvested from blood collected in a plain tube which was transferred to an Endorphin
tube and stored at -20oC and analyzed for serum chemistry parameters (serum total protein and albumin,
total cholesterol count, HDL-C, and LDL-C) with an automated chemistry analyzer (Douglas et al., 2010).
The globulin value was determined by the difference between serum total protein and albumin (Doumas
et al., 1981).

The results were calculated as follows:

Mean corpuscular volume (MCV), =
PCV
RBCx10,

Mean corpuscular haemoglobin concentration (MCHC) =
Hb

PCVx100,



Page 9/24

Mean corpuscular haemoglobin (MCH) was computed as = 
Hb

RBCx10,  (Irizaary-Rovira, 2004). While the

remaining 2.5 ml was drawn in a plain tube and left to coagulate. Serum was separated after
centrifugation at 3,000 rpm x g for 15 min and stored at -20°C until used. Serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) activities,
cholesterol, glucose and triglycerides concentrations were measured by using enzyme/ buffer and
substrate kits. Total serum immunoglobulin concentration was determined by serum zinc sulfate turbidity
test by reading the optical density of the test and the control separately at 545 nm using a
spectrophotometer (Mondesire, 2004).

2.3.5. Cecum bacterial load determination
The effect of dietary treatment on caecal bacterial load was assessed by carrying out the total bacterial
count in the caecal feces of experimental birds used for carcass determination. A fecal sample from each
treatment replicate was aseptically obtained and diluted serially using 2% buffered peptone water until a
10− 8 ratio was obtained. Then, 0.1 ml of each dilution ratio was plated on plate count agar (Merck,
Modderfontein, South Africa) using the spread plate method which was incubated at 37°C for 24 h
(Cheesbrough, 1985) for the total coliform count. Eosin Methylene Blue (EMB) agar was used for E. coli,
which were incubated at 37°C from 8 to 24 h (Collee et al., 1989). Then plates were counted between 24
and 48 h after inoculation (Collee et al., 1989; Cheesbrough, 1985). The counted data were transformed to
log10 cfu/ml.

2.4. Statistical Analysis
Data was analyzed using the general linear model procedure of statistical analysis systems software
(SAS, 2009). Differences between treatment means were separated using Duncan’s multiple range tests.
The following model was used for data analysis. Yij = µ + Ti + eij, Where: Yij = represents the jth

observation in the ith treatment level, µ = overall mean, Ti = treatment effect and eij = random error.

3. Results

3.1. Meat quality characteristics and proximate
composition
Feed additives had no signi�cant (p > 0.05) in�uence on L*(lightness), and a* (redness) of meat (Table 3).
The b*(yellowness) value of breast and thigh meat was higher (P < 0.05) for TP and EM-TP treatment
group than in the other treatments, while the lowest (P < 0.05) value was for the CTL group. The pH and
cooking loss were similar (P > 0.05) among treatments. Shear force value for CT was higher (P < 0.05)
than TP and EM-TP group for breast muscle. The highest (P < 0.05) shear force was for the CLT group for
thigh muscle. The highest (P < 0.05) fat content was for the control group. The moisture, CP, and ash
contents of breast and thigh meat were not signi�cantly different among treatments.
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Table 3. Meat quality trait and proximate composition of chicken breast and thigh in chicks
supplemented with effective microorganisms, turmeric and its combination as feed additives

 

Parameters Treatment SEM P-Value  

CTL EM TP EM-TP  

Color parameter              

L* breast 47.54 46.48 46.73 48.12 0.852 0.504  

thigh 47.56 45.85 46.27 47.12 0.803 0.463  

a* breast 4.95 4.53 4.86 5.17 0.563 0.875  

thigh 6.28 4.91 5.97 5.87 0.422 0.197  

b* breast 10.13c 11.24b 12.68a 12.59a 0.205 0.000  

thigh 11.13c 12.11b 13.35a 13.26a 0.273 0.004  

pH breast 6.05 6.26 6.34 6.36 0.308 0.883  

thigh 6.03 6.27 6.36 6.38 0.304 0.841  

Cooking Loss breast 14.57 16.16 17.5 18.27 3.860 0.909  

thigh 15.9 16.82 18.03 18.8 3.640 0.943  

Shear force (N) breast 18.93a 15.24ab 17.56bc 14.74c 0.855 0.026  

thigh 20.64a 15.66b 17.34bc 14.66c 0.816 0.004  

Proximate composition  

Moisture breast 73.71 74.76 75.25 73.07 0.610 0.120  

thigh 74.71 75.76 76.25 73.73 0.622 0.081  

Protein breast 22.37 23.55 22.7 23.24 0.630 0.570  

thigh 21.42 23.45 22.64 23.34 0.664 0.197  

Crude fat breast 3.9a 1.09b 1.83b 1.52b 0.500 0.020  

thigh 4.70a 2.32b 1.75b 1.61b 0.4644 0.005  

Ash breast 1.35 1.13 1.42 1.18 0.220 0.770  

thigh 0.89 21.81 0.72 0.77 10.549 0.444  

abc Within a row means with different letters are signi�cantly different at P < 0.05.  

L* = lightness, a*= redness, b*= yellowness, SEM = Standard error of the mean.  
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3.2. Sensory evaluation
There was no signi�cant difference (P > 0.05) among treatment in broilers fed different feed additives
(Fig. 1).

3.3. Hematology and serum biochemical indices
The effects of supplementation of effective microorganisms, turmeric powder and a combination of
effective microorganisms and turmeric powder, as an additive, on hematological and serum biochemical
parameters in broiler chicken are presented in Tables 4 and 5, respectively. The results showed that there
were no signi�cant effects of additives on all hematological parameters of the blood among the
experimental groups (Table 4). The highest (P < 0.05) ALP was for EM and EM + TP while the lowest (P < 
0.05) was for TP. Cholesterol, LDL, and triglyceride concentrations for the control group were the highest
(P < 0.05) while the additives had similar (P < 0.05) values among each other.

Table 4
Hematological traits of broiler chickens fed with effective microorganisms, turmeric and its combination

as feed additives
Items Dietary supplementations SEM p value

Control EM TP EM-TP

Hemoglobin(Hb) (g/dL) 10.65 10.45 10.70 10.02 0.309 0.437

RBCx106/µl 2.70 2.63 2.70 2.50 0.109 0.447

WBC x 103/µl 28.33 28.33 26.17 29.50 3.969 0.727

PCV (%) 34.00 33.33 35.00 32.00 1.184 0.394

MCV (�) 126.23 127.18 128.85 129.72 1.627 0.466

MCH (pg) 39.58 39.87 39.55 40.60 0.730 0.726

MCHC (%) 31.32 31.32 30.68 31.32 0.353 0.526

RBC = Red Blood Cell, WBC = White Blood Cell, Packed cell volume; MCV = Mean cell volume; MCH = 
Mean cell hemoglobin; MCHC = Mean cell hemoglobin concentration.
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Table 5
Serum biochemical traits of broiler chickens fed on effective microorganisms, turmeric and its

combination as feed additives
Parameter Dietary supplementations SEM p-

value
Control EM TP EM + 

TP

ALT (u/l) 19.60 19.32 19.82 19.32 0.857 0.969

AST (u/l) 131.50 129.67 130.67 128.83 4.619 0.978

ALP (u/l) 918.2b 1060.7a 743c 1051.8a 34.773 0.000

Cholestrol (mg/dl) 173.62a 141.43b 147.53b 141.1b 6.595 0.024

LDL (mg/dl) 89.93a 72.00b 77.65b 72.73b 3.363 0.019

HDL (mg/dl) 42.02 44.42 40.10 39.60 2.706 0.603

Glucose (mg/dl) 229.33 224.67 223.00 240.17 8.040 0.472

Triglycerides concentration
(mg/dl)

57.18a 43.867b 38.3b 39.917b 3.119 0.010

Total serum protein (g/dl) 3.93 3.98 3.95 3.95 0.087 0.981

Albumin (g/dl) 2.82 2.87 2.80 2.78 0.079 0.889

Globulin (g/dl) 1.14 1.16 1.21 1.22 0.032 0.298

Urea (mg/dl) 13.15 12.93 13.35 14.20 0.902 0.772

Creatinine (mg/dl) 0.63 0.59 0.56 0.60 0.046 0.684

abc Within a row means with different letters are signi�cantly different at P < 0.05.

ALT = Alanine aminotransferase, AST = aspartate aminotransferase, ALP = alkaline phosphatase, LDL 
= Low Density Lipoprotein, HDL = High Density Lipoprotein

3.4. Cecum bacterial load
The effect of supplementation of EM, TP, and EM-TP on caecal Total Coliform Count (TCC) and E. coli in
broiler chicken is presented in Fig. 1. There were high (P ≤ 0.05) populations of total coliform and E.coli
bacteria in CTL than the other treatment groups.

There were a reduction (P ≤ 0.05) in total coliform count and E. coli bacteria in chicks fed EM
(8.48*105cfu/ml and 8.12*105cfu/ml), TP (6.33*105cfu/ml and 5.92*105cfu/ml) and EM-TP
(4.55*105cfu/ml and 4.5*105cfu/ml) as compared with the control (17.48*105cfu/ml and
16.68*105cfu/ml) respectively. However, there were no signi�cant (P ≥ 0.05) differences among additives
(EM, TP and EM-TP) for total coliform and E. coli bacteria.
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ab Means with different lowercase superscript letters are signi�cant differences among treatments (p < 
0.05).

cfu = coliform forming unit, CTL = Control, EM = Effective microorganism, TP = Turmeric Powder, EM-TP = 
Combination of Effective microorganism and Turmeric Powder, E. coli = Escherichia coli, T. C. Count = 
Total coliform Count

Figure 2. The effect of additives on caecal microbial load counts for total coliform and E. coli bacteria

4. Discussion

4.1. Broiler meat quality characteristics and Proximate
analysis
Color is one of the main indicators of the quality of most feeds (Smith et al., 2002). The L* value is the
main parameter that determines poultry meat color. It is an important meat quality trait as it affects
consumer acceptability of meat (Adeyemi et al., 2016). The meat color in the current experiment is within
the normal range (46 < L* < 53) of breast and thigh meat color reported by Zhang and Barbut (2005).
However, Abdulla et al. (2017) reported higher L (lightness), a (redness) and b (yellowness) values of
breast muscles from Cobb 500 chickens supplemented with probiotic containing Bacillus subtilis during
the rearing period, compared to control birds. The possible reason for the high b* yellowness color in the
current experiment for TP and EM-TP could be due to the presence of bio-active compounds in turmeric
feed additive, which could alter muscle pigmentation (Ruby, 1995). Additionally, the study of Faria et al.
(2009) indicated that the ingestion of a larger amount of feed rich in carotenoids by growing chickens
provides a greater intensity of yellow color in the meat, resulting in a higher b* value. A similar study
result by Kanani et al. (2017) indicated that turmeric and cinnamon powders elevated the water-holding
capacity and pH.

The similar pH values among the treatments in the current study, indicates that they were closer to
neutral, resulting in similar lightness (L*) and redness (a*) values for all treatment groups. This could be
because experimental birds did not experience transportation stress and were subjected to the same pre-
slaughter management circumstances as commercial broiler production (Souza et al., 2011). These
factors may have contributed to the pH levels being similar among the treatments in this study.

Effective microorganisms, TP, and their combination did not affect mean breast and thigh cooing loss.
Cooking loss is a measurement of how much water is lost during cooking due to shrinkage. The pH and
lipid content of the tested muscle can affect cooking loss readings (Souza, 2004). The �nding indicates
that additives used in the current experiment can be used since they do not have any effect on cooking
loss.

Warner-Bratzler Shear Force (WBSF) is one of the most commonly used instruments in estimating meat
tenderness and texture quality of poultry meat, whereby the higher WBSF values are associated with less
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tender poultry meat (Zhuang et al., 2008). Therefore, the less tender meat for both breast and thigh meat
observed in the CTL group agrees with the results observed by Zhang et al. (2005), who investigated the
effects of Saccharomyces cerevisiae cell components on meat quality of male broilers. The shear forces
determined in cooked breast and thigh muscle in experimental groups was lower as compared with the
control in the current experiment. Contrary to the current result Peter et al. (2015) indicated that higher
shear force value of breast and thigh muscle was observed in probiotic supplemented than the other
group. This difference might be due to the effectiveness of a probiotic application which may depend on
many factors (Patterson and Burkholder, 2003), such as species composition and viability, administration
level, application method, frequency of application, overall diet, bird age, overall farm hygiene, and
environmental stress factors (Zhou et al., 2010).

The lower crude fat percentage of the thigh and breast meat in those fed additives in the current study
agreed with the �nding of Pietras (2001) who reported that crude fat and total cholesterol content tended
to decrease in the meat of chickens given probiotics (Lactobacillus acidophilus and Streptococcus
faecium). Addition of turmeric at a rate of 3 g/kg feed reduced the meat fat content and increased the
carcass quality of broilers (Al-Sultan, 2003, Samarasinghe et al. 2003, Emadi and Kermanshahi, 2006).
The probable reason for fat and cholesterol content reduction could be due to the presence of
polyunsaturated fatty acids and the antioxidant content of turmeric.

4.2. Sensory evaluation of broilers breast meat
The results of sensory evaluation in the current experiment revealed that feeding of effective
microorganisms and turmeric did not affect color, �avor, or smell in chicken meat which is in agreement
with the study of AL-Sultan (2003) who reported that turmeric did not induce any abnormal �avor, color,
or smell in broilers breast meat. According to Liu et al. (2012), probiotic supplementation to a chick’s diet
resulted in a higher degree of satisfaction in �avor pleasantness scores for the consumer compared with
the control.

4.3. Effect of effective microorganisms and turmeric feed
additives on hematological and biochemical indices
Hematological and serum biochemical parameters are useful indicators of the physiological responses of
animals to the diet they are consuming (Madubuike and Ekenyem, 2006). In the current study, EM, TP and
EM-TP supplementation had a similar effect on blood hematological traits, which were found to be within
the normal ranges (RBC: 2.5–3.5 x106 µl, PCV: 22–35%, Hb: 7–13 g/dl, WBC: 12–30 x 103µl, MCV: 90–
140 fL, MCH: 33–47 pg/cell and MCHC: 26–35 g/dl) for healthy broiler chickens (Wakenel, 2010).
Moreover, Ibrahim (2012) reported that probiotic supplementation did not affect blood hematological
traits. The current �ndings are consistent with those of Emadi et al. (2007), who found that adding
turmeric to broiler hematocrit levels at days had no signi�cant effect.

Antioxidant activity and blood biochemistry parameters are essential indicators of health and nutrient
metabolism in an organism's body (Lokesh et al., 2012). All the serum biochemical parameters were
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within the normal range (AST = 70–220 U/L, ALP = 568–8831 U/L, ALT = 19–50 U/L, Total protein = 2.5–
4.5 g/dl, Uric acid = 1.9–12.5 mg/dl, Total Cholesterol = 87–192 mg/dl, Triglycerides = 45.7–172 mg/dl,
Albumin = 1.17–2.74 g/dl, Glucose = 200–500 mg/dl, LDL = 80–120 mg/dl, HDL = 35–86 mg/dl, Globulin 
= 0.5–1.8 g/dl, Creatinine = 0.55–0.95 mg/dl) (Clinical diagnostic division, 1990; Meluzzi et al., 1992;
Lumeij, 1997; Thrall, 2007) in the current experiment. The �nding in the current study agrees with those of
Yazhini et al. (2018), Siadati et al. (2017), and Iqramu et al. (2017), who reported that supplementing
poultry with probiotics reduced serum total cholesterol levels. Following probiotic administration to
broilers, the reduction of cholesterol and fat content in the breast and thigh meat was observed (Hossain
et al., 2012). Lactic acid bacteria are also a probiotic which reduces the cholesterol level by assimilating
endogenous or exogenous originated cholesterol in the intestinal tract (Gilliland,1989), reducing or
inhibiting the expression levels of Niemann-Pick C1-like 1a protein, expressed on the surface of
enterocytes, which reduces the cholesterol absorption (Huang and Zheng 2010). On the other hand,
Shirisha et al. (2017) observed no signi�cant difference in total cholesterol levels between probiotic-
supplemented and control birds.

The lower low-density lipoprotein concentration in the treatments with additives in the current experiment
concur with the �ndings of Kalavathy et al. (2010) who reported that probiotic supplementation
decreased serum low-density lipoprotein level and but had no signi�cant effect on serum high density
lipoprotein level in broiler chickens. Consistent with the current �nding Ashayerizadeh et al. (2011)
reported that supplementation of probiotics did not affect serum high-density lipoprotein concentration.
Supplementation of probiotic bacteria to broiler chicken altered the lipoprotein metabolism of birds
favorably with a more pronounced reduction in the total cholesterol and low density lipoprotein
cholesterol concentration. Moreover, Kermanshahi and Rasi (2006) reported that turmeric rhizome at
0.05–0.2% levels decreased low-density lipoprotein in layer breed. Probably the reason that the lower
result of low density lipoprotien in TP treatment could be due to turmeric effect in the regulation of
alkaline phosphatase (Upadrasta and Madempudi, 2016; Khalesi, 2014) and lactate dehydrogenase in the
broiler chickens’ blood (Kermanshahi and Rasi, 2006). Hosseini-Vashan et al. (2012) reported signi�cant
reductions in the activities of alanine aminotransferase, aspartate aminotransferase and alkaline
phosphatase enzymes in broiler chickens fed 0.4% and 0.8% turmeric powder under heat stress. In
contrast to the current study, Kumari et al. (2007) and Mehala & Moorthy (2008) reported that the activity
of some liver enzymes, such as alkaline phosphatase and low density lipoprotien, and glucose
concentrations did not change with the dietary inclusion of turmeric powder in all the treated broiler
chicken groups. The variation with the current study might be due to the dose effect of turmeric.

Regarding the concentration of triglycerides, the present study agrees with the �ndings of Al-Saad et al.
(2014), Kalavathy et al. (2010), Ashayerizadeh et al. (2014), Abeer et al. (2015) and Iqramu et al. (2017),
who reported a signi�cant decrease in serum triglycerides level in broiler chickens fed probiotic as an
additive. Similarly, the �nding of Nouzarian et al. (2011) reported that triglyceride concentration of the
serum was markedly reduced by turmeric powder inclusion in the diet in comparison with the control diet.
This phenomenon may be due to the lowering hepatic lipogenesis effect of turmeric powder, because
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triglycerides are produced in the liver by hepatic lipogenesis and are secreted into the plasma (Lanza-
Jacoby, 1986; Herzberg and Rogerson, 1988).

4.4. Antibacterial effects of effective microorganism and
turmeric
Reduction in the total coliform count and E. coli bacteria indicated that there was variation among the
treatment which is supported by the idea of EMROSA (2006) which revealed that EM is self-sterilizing (pH
between 3.4 to 3.7); therefore, pathogens cannot survive in EM. The volatile fatty acids produced by
probiotic bacteria are lipophilic penetrating the bacterial cell wall and producing H+ ions, which in turn
destroy the internal physiology of the bacterial cell (Kuruti et al., 2017). It can be concluded that the use
of probiotics as an additive affects the balance of caecal volatile fatty acids, which in turn exert an
antimicrobial effect in poultry. Similarly, the �nding of Deniz et al. (2011) indicated that dietary probiotic
supplementation has markedly raised the bacillus population in the caecum while the enterococci and
coliform populations were signi�cantly reduced compared to the non-supplemented control. Fuller (1977)
also, found that host-speci�c Lactobacillus strains were able to decrease E. coli in the crop and small
intestine.

The study of Fitoni et al. (2013) indicated that turmeric with a curcumin active compound could inhibit
the growth of coliform bacteria with a total of 108 cfu colonies compared with treatment without turmeric
that contained more than 300 cfu of coliform bacteria. The curcumin antibacterial mechanism was that
these particles entered the bacteria cell walls by completely damaging the cell walls so that it resulting in
cell death (Bhawana et al., 2011).

5. Conclusion
In conclusion, the �ndings of this study revealed that dietary feed additives (EM, TP, and EM-TP)
signi�cantly reduced crude fat in meat, blood total cholesterol, blood low density lipoprotein, triglyceride
concentration, total coliform count and E. coli in the intestinal contents of Cobb 500 broilers, resulting in
improved gut e�ciency and gut health in broiler chicken.
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Figures

Figure 1

Sensory evaluation of the effect of different feed additives on broiler breast meat
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Figure 2

The effect of additives on caecal microbial load counts for total coliform and E. coli bacteria


