
Effect of soft and moderately hard water intake on meat quality 
characteristics of broiler chickens

Jiya, Ibrahim, A.B., Ayanwale, B. A., Usman, A., Adama,  and Shehu, 
*B. M

Department of Animal Production, Federal University of Technology Minna
*NAERLS Zaria

Corresponding Author:jiya.elisha@futminna.edu.ng

Target audience: Animal scientist, Animal nutritionist, Animal farmers.

Abstract
A Fifty-six (56) days experiment was conducted to evaluate the “Effect of soft and 
moderately hard water intake on meat quality characteristics of broiler chickens”. 
Three hundred (300) day old broiler chickens of Hubbard breed were used. The 
chickens were randomly allotted to two (2) treatment groups. Group one are 
chickens administered soft water (SW) and group two are chickens administered 
moderately hard water (MHW). Each treatment had six replicates with twenty-five 
(25) birds per replicate. Feed and water were provided ad libitum. Data were 
collected on carcass cut-up parts and visceral organs, breast meat quality 
characteristics and breast meat proximate composition. The percentage cut-up parts 
and visceral organ characteristics were significantly (P<0.05) different. Breast 
meat quality characteristics was also significantly (P<0.05) different in cold breast 
meat water holding capacity. Breast meat proximate composition values were also 
significantly different in the ether extract. MHW can replace SW without any adverse 
effect on meat quality characteristics of broiler chickens.
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Description of the Problem
As the world population continues to 
increase, one of the major problems 
faced by the developing countries is that 
of low and quality protein intake (1). 
.Protein, most especially, those from 
animal sources is one of the essential 
nutrients of human diets and is greatly 
lacking in the diets of the .inhabitants of 
the developing countries (1, 2) reported 
that average Nigerian consumes about 
6.5 g of animal protein per day as against 
the Food and Agricultural Organization 
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(3) recommendation of 35 g. This 
shortfall can be corrected by taking into 
cognizance, the welfare and wellbeing of 
the animal in relation to its environment 
and water through which it derives the 
required nutrients from feeds. 
Poultry which offers meat and egg 
(protein of animal origin) on account of 
its short gestation period, short 
generative interval and handy size, is 
expected to play a major role in this bid 
to provide protein of animal source (1). It 
is reportedly the most commonly kept 
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livestock and over 70 % of those farmers 
keeping poultry are reported to be 
keeping chicken (4). Broiler birds have 
been developed with genetic potentials 
for a faster growth rate to attain market 
weight in the shortest time possible. 
These genetic potentials cannot be fully 
utilized or expressed if the right or 
optimal environment is not provided (5). 
Water is the single most critical nutrient 
to health and well-being (6). Good 
quality water is essential for livestock 
and poultry production. It is an essential 
ingredient for life, and is also involved in 
several physiological functions such as, 
digestion, absorption, enzymatic 
functions, nutrient transportation, and 
thermoregulation, lubrication of joints 
and organs and elimination of wastes (7). 
Wa t e r  h a r d n e s s  i s  r e l a t e d  t o  
concentration of minerals, such as 
calcium and magnesium, dissolved in 
water (8). These minerals are naturally 
found in soil and rocks in locations with 
high concentration of limestone, 
dolomite or gypsum in the ground. Hard 
water is produced as minerals from these 
ground deposits becomes dissolved in 
water flowing through the earth (9). The 
shortfall in protein intake by inhabitants 
of the developing countries as against 
the  FAO recommendat ion  and 
inadequate supply of soft water by the 
water works, which has forced the 
exploration of and dependence on 
borehole and well water (hard water 
sources) by man and animals, has 
brought a need for this research. Hence 
the need to determine the effect of 
moderately hard water on meat quality 
which is the primary source of protein. 

Materials and Methods
A total of three hundred broiler chicks of 
hubard breeds were used for the 
experiment. The chicks were managed 
under the deep liter system and divided 
into two groups, SW and MHW. Group 
SW denoted chickens administered soft 
water while Group MHW denoted 
chickens administered moderately hard 
water. Each group had six replicates and 
each replicate was randomly allotted 
twenty five (25) chicks. Commercial 
broiler starter and finisher diets from 
Hybrid Feeds, and water were given ad 
libitum. Newcastle disease vaccine 
(Lasota) and Infectious bursal disease 
vacc ine  (Gumboro)  were  a l so  
administered through drinking water 
(soft and hard water) following the 
recommendation of (10).
Meat Yield and Meat Quali ty  
Characteristics
At the end of the experiment, two broiler 
chickens from each replicate were 
randomly selected for meat yield and 
meat quality characteristics. The 
selected broiler birds were starved of 
feed and water for twelve (12) hours. The 
records of the chickens' individual 
weights were taken before slaughter. The 
broiler chickens were slaughtered, 
hanged by the hock head down and bled 

? 
for two minutes and scalded at 55 C for 
one minute.  The feathers were manually 
removed. Thereafter, the record of the 
fully dressed individual carcass weight 
was taken after complete evisceration. 
The carcasses were separated into parts 
(breast, back, thigh, wing and drumstick) 
and visceral organs (intestine, kidney, 

233

Jiya et al



liver, gizzard, abdominal fat, lungs, 
spleen and heart). The weight of each 
body cut, and organs were taken and 
expressed as percentage of the live 
weight of each carcass. The dressing 
percentage and percentage of body 
weight in relation to the live weights of 
the chickens were calculated as 
described by (11) in the formulae below.
Dressing percentage =    
Carcass weight    x   100
     Live weight              1
Percentage of body cut=   
weight of body cut      x       100
  Live weight                         1  
Water Holding Capacity
The water holding capacity of the hot 
and cold breast muscle samples from 
each replicate were evaluated following 
the procedure described by (12). 10 g of 
fresh/hot breast muscle was taken using 
a sensitive weighing scale. The sample 
was laid between two filter papers and 
pressed in a screw jack to expel out the 
water/fluid contained in it. The sample 
was then removed from the filter papers 
and weighed again. The difference 
between the initial and final weights is 
the weight of the expelled water/fluid 
which is expressed as a percentage of the 
initial sample weight and recorded as the 
Hot Breast Carcass Water Holding 
Capacity (HBCWHC). Similarly, 10 g of 
the cold/refrigerated breast muscle from 
each replicate was taken for the 
evaluation of the Cold Breast Carcass 
Water Holding Capacity (CBCWHC) 
following the same procedure.
Cooking Yield and Cooking Loss
The evaluation of the cooking yield and 
cooking loss were carried out following 
the procedure described by (13). 20 g of 

the breast muscle from selected chickens 
of each replicate were taken for boiling. 
The boiling was done by placing each 
meat sample in a glass container, 
containing 20 ml water. The water bath 
was then preheated for five (5) minutes 
before the glass containers were placed 
in. After placing the glass containers in 
the water bath, broiling was done up to 

o 
75 C measured by skewer thermometer 
for thirty (30) minutes. The samples 
were then removed from the water bath 
and allowed to cool at room temperature, 
mopped off of excess fluid using a 
serviette paper and the weight of each 
sample was taken and recorded. The 
cooking loss and cooking yield were 
then calculated using the formulae 
below.
Cooking Loss =    Initial meat weight – 
cooked meat weight 
Cooking yield (%) =       
Cooked meat weight x   100                                                                                           
Initial meat weight                               1
pH
The pH of the breast muscle was 
measured using a pH meter. This was 
done immediately after dressing the 
chickens. An incision of the breast 
muscle was made using a kitchen knife 
and the electrode was inserted into the 
incised point and readings from the pH 
meter screen was read and recorded. 
Proximate Composition of Broiler 
Breast Meat
A sample of the breast muscle was taken 
from each chicken to determine the 
proximate composition. Parameters 
measured include moisture content, 
crude protein, ash and ether extract as 
described by (14).
Data Analysis
All data obtained from the experiment 
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were subjected to Independent Sample T 
Test statistical analysis, using Statistical 
Analysis System (15).

Results
Table 1 shows the physic-chemical 
properties of the SW from Niger State 
water works Chanchaga, Minna and the 
MHWfrom the well at Federal 
University of Technology Minna 

commercial farm, Garatu. All in Niger 
Sta te ,  Niger ia .  The proximate  
composition of the starter and finisher 
diets are shown in Table 2. The values 
obtained for crude protein, crude fibre, 
ether extract, ash and nitrogen free 
extract are within the recommended 
range of nutrients for broiler chicken 
production. 

Table 1  Physicochemical properties of soft and moderately hard water  
 Physicochemical Properties  Soft 

Water
 

Moderately Hard 
Water

 

NSDWQ Maximum Permitted 
Levels

 
Odour

 
Odourless

 
Odourless

 
Unobjectionable

 Turbidity (NTU)
 

3.03
 
3.05

 
5.00

 Colour (TCU)

 
8.00

 
13.00

 
15.00

 pH

 

7.59

 

7.33

 

6.5-8.5

 Total Dissolved Solid (mg/L)

 

70.00

 

190.00

 

500

 
Dissolved Oxygen (mg/L)

 

8.0

 

6.94

 

-

 
Temperature (oC)

 

26.20

 

22.90

 

Ambient

 
Total Hardness (mg/L)

 

12.00

 

114.00

 

150.00

 
Chloride (mg/L)

 

8.00

 

18.40

 

250.00

 

Total Alkalinity (mg/L)

 

14.00

 

32.00

 

-

 

Nitrate (mg/L)

 

3.60

 

10.60

 

50.00

 

Iron (mg/L)

 

0.07

 

0.11

 

0.30

 

Sodium (mg/L)

 

18.00

 

13.00

 

200.00

 

Potassium (mg/L)

 

11.00

 

7.00

 

-

 

Calcium (mg/L)

 

14.40

 

34.40

 

-

 

Magnesium (mg/L)

 

5.77

 

6.83

 

20.00

 

Bicarbonate (mg/L)

 

14.00

 

21.00

 

-

 

Fluoride (mg/L)

 

0.14

 

0.10

 

1.50

 

Sulphate (mg/L)

 

12.00

 

14.00

 

100.00

 

Nitrite (mg/L)

 

0.03

 

0.13

 

0.20

 

Zinc (mg/L)

 

0.21

 

0.89

 

3.00

 

Copper (mg/L)

 

0.02

 

0.12

 

1.00

 

Chromium (mg/L)

 

0.01

 

0.03

 

0.05

 

Arsenic (mg/L)

 

0

 

0

 

0.01

 

NTU:

 

Nephelometric Turbidity Units.

  

TCU:

 

True Colour Units

 
 

Table 2           Proximate composition of broiler starter and finisher diets  
Parameters (%)  Starter diet  Finisher diet  
Dry matter

 
93.04

 
93.00

 Ash 
 

3.95
 

4.20
 Crude Protein

 
22.35

 
20.67

 Crude Fibre

 
4.15

 
4.65

 Ether extract 

 

11.25

 

11.60

 Nitrogen Free Extract

 

51.45

 

51.89
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 Table 3   Carcass cut-up parts characteristics of broiler chickens administered  soft and moderately hard water
Treatment  Mean  T.Test Value  
SW  2325.00  -1.01

 MHW
 

2450.00
 SW

 
1885.41

 -0.65
 MHW

 
1956.34

 SW

 
81.11

 
1.46

 
MHW

 

79.68

 SW

 

12.10

 
1.09

 
MHW

 

11.69

 
SW

 

10.45

 

1.64

 

MHW

 

9.97

 
SW

 

8.47

 

1.16

 

MHW

 

8.08

 

SW

 

20.85

 

1.53

 

MHW

 

19.81

 

SW

 

10.90a

 

2.84

 

MHW

 

10.20b

 

ab: means in the same column with different superscripts

 

are significantly different (P<0.05)

 

S: Soft water MHW: Moderately hard water Wt.: Weight

The carcass cut-up parts characteristics 
of broiler chickens administered SW and 
MHW is shown in Table 3. There were 
no significant (P>0.05) difference in 
most of the parameters measured among 
the treatment means. Only the result of 
the Back showed significant (P<0.05) 
d i f f e r e n c e .  B r o i l e r  c h i c k e n s  
administered SW had better back 
percentage compared to those given 
MHW.
The visceral organ characteristics of 
broiler chickens administered SW and 
MHW shown (Table 4). The result 
revealed no significant (P>0.05) 
differences in all the parameters 
measured. However, significant 
(P>0.05) difference was observed in the 
lungs. Broiler chickens administered 
MHW had lower lungs percentage 
compared to those given SW. The breast 
meat quality characteristics of broiler 
chickens administered SW and MHW 
shown (Table 5). The result showed 
significant (P<0.05) difference in the 
percentage of cold breast meat water 
holding capacity, with chickens 

administered MHW recording higher 
value than those administered SW. 
However, no significant (P>0.05) 
difference was observed in other 
parameters measured. The proximate 
composition of breast meat of broiler 
chickens administered SW and MHW is 
shown in Table 6. Significant (P>0.05) 
difference was only observed in the ether 
extract, with chickens administered 
moderately hard water recording lower 
mean value as compared with chickens 
administered soft water.

Discussion
The physicochemical properties of the 
SW and MHW are within the range 
permitted by the Standard Organisation 
of Nigeria under the Nigerian Standards 
for Water Drinking Quality Manual (16). 
The value of total hardness (12.00 mg/l) 
in the soft water  shows it falls within the 
class of soft water as classified by (17). 
Also, the value of total hardness (114 
mg/l) of the hard water recorded falls 
within the range of moderate hardness as 
reported by (17). The values of calcium 
and magnesium concentrations in the 
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Table 4  Visceral organs characteristics of broiler chickens administered soft and moderately hard water  
Parameter  Treatment  Mean  T.Test Value  Standard Deviation  
Intestinal Lt. (cm)

 
SW

 
173.99

 -1.53
 

25.71
 MHW

 
190.00

 
25.50

 
Intestinal Wt. (g)

 

SW
 

4.47
 0.70

 

1.81
 MHW

 
4.07

 
0.79

 Kidney (%)

 

SW

 

0.04

 
0.49

 

0.05

 MHW

 

0.03

 

0.01

 Liver (%)

 

SW

 

2.10

 

0.63

 

0.43

 
MHW

 

1.99

 

0.37

 
Gizzard (%)

 

SW

 

2.05

 

0.47

 

0.20

 
MHW

 

1.99

 

0.37

 
Abdominal Fat (%)

 

SW

 

2.27

 

1.15

 

0.80

 

MHW

 

1.94

 

0.57

 

Lungs (%)

 

SW

 

0.73a

 

2.33

 

0.12

 

MHW

 

0.62b

 

0.11

 

Spleen (%)

 

SW

 

0.62

 

1.60

 

0.18

 

MHW

 

0.54

 

0.07

 

Heart (%)

 

SW

 

0.52

 

-0.41

 

0.08

 

MHW

 

0.54

 

0.08

 

ab: means in the same column with different superscripts are significantly different (P<0.05)

 

S: Soft water

 

MH: Moderately hard water

 

Lt.: Length

 

Wt.: Weight

 
 
 

 

Table 5  Breast meat quality characteristics of broiler chickens administered soft and moderately hard water  
Parameter  Treatment  Mean  T.Test Value  Standard Deviation  
HBMWHC (%)

 
SW

 
19.28

 0.88
 

1.74
 MHW

 
17.78

 
5.67

 
CBMWHC (%)

 

SW
 

14.59b

 -2.11

 

6.93
 MHW

 
20.45a

 
6.67

 Cooking Loss (g)

 

SW

 

4.01

 
-1.38

 

0.99

 MHW

 

4.56

 

0.98

 Cooking Yield (%)

 

SW

 

79.96

 

1.38

 

4.95

 
MHW

 

77.19

 

4.89

 
pH

 

SW

 

6.24

 

0.17

 

0.38

 
MHW

 

6.22

 

0.17

 

ab: means in the same column with different superscripts are significantly different (P<0.05)

 

S: Soft water

 

MH: Moderately hard water

 

Wt.: Weight

 

HBMWHC: Hot Breast Meat Water Holding Capacity

 

CBMWHC: Cold Breast Meat Water Holding Capacity

 

 

Table 6  Proximate composition of breast meat of broiler chickens administered soft and moderately hard water  
Parameter  Treatment  Mean  T.Test Value  Standard Deviation  
Dry

 
Matter (%)

 
SW

 
31.79

 -1.88
 
1.26

 MHW
 

31.05
 

0.52
 

Ash (%)

 

SW
 

1.05
 1.82

 

0.15
 MHW

 
0.92

 
0.19

 CP (%)

 

SW

 

22.51

 
-0.73

 

1.27

 MHW

 

22.94

 

1.57

 CF (%)

 

SW

 

0.73

 

2.00

 

0.13

 
MHW

 

0.63

 

0.14

 
Ether Extract (%)

 

SW

 

2.98a

 

4.51

 

0.33

 

MHW

 

1.87b

 

0.78

 
Nitrogen Free Extract (%)

 

SW

 

4.52

 

-0.31

 

1.44

 

MHW

 

4.70

 

1.44

 

ab: means in the same column with different superscript are significantly different (P<0.05)

 

S: Soft water

 

MH: Moderately hard water

 

Wt.: Weight

 

CP: Crude Protein
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MHW also fall within the range reported 
by (18). The proximate compositions of 
the commercial starter and finisher 
feeds are within the range of 
requirements and recommendations 
given by (19, 20). The carcass yield and 
characteristics of cut-up parts and 
visceral organs variation in the back and 
lungs could largely be due to the 
influence of water type on which the 
birds were placed. However, all values 
obtained are within the range recorded 
by (21) when they evaluated the Growth 
response, meat yield and carcass 
characteristics of broiler chickens fed 
Beniseed (Sesamum indicum) and 
Drumstick (Moringa oleifera) leaves as 
sources of lysine
The significant (P<0.05) differences 
shown with regard to the breast meat 
quality characteristics is an indication 
that MHW has influence on the carcass 
quality of broiler chickens. This 
disagrees with the report of (22) who 
reported that calcium, magnesium, iron 
and copper decrease the WHC. Also, the 
20.45 % water holding capacity of the 
cold breast meat recorded from broilers 
offered MHW is similar with the report 
of (23). The author reported that water 
holding capacity of broiler meat at the 
age of 6 and 7 weeks was 22.19 % to 
28.54 % respectively. However, the pH 
values obtained for both chickens 
offered SW (6.24) and MHW (6.22) are 
within the range reported by (24). The 
author reported 6.31 as average pH of 
the breast meat of broiler chicken.
The proximate composition of the breast 
meat showed an influence of MHW on 
ether extract and as such, maintaining a 
lower mean value than those of the birds 

offered SW. This agrees with (25, 26, 27, 
28). They all reported chemical 
components values of breast muscles of 
over 22.50 % for total proteins and less 
than 3.00 % for lipid content. However, 
values recorded fall within the range 
reported by (29) in their experiment of 
chemical composition, fatty acid profile 
and colour of broiler meat as affected by 
organic and conventional rearing 
systems.

Summary and Conclusion
It was concluded from this research that 
MHW has no adverse effect on the meat 
yield, visceral organ characteristics and 
meat quality characteristics, except in the 
cold meat water holding capacity. MHW 
can conveniently substitute SW and 
hence farmers should be encouraged in 
its use in order to sustain and boost 
production.
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