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Abstract: This study evaluated the quality, nutritional, and sensory attributes of Naked Neck chicken eggs when birds were subjected
to different housing and nutritional regimens. Birds were maintained in two rearing systems (intensive & free-range) with five dietary
treatments based on commercial feed (CF) and kitchen waste (KW), i.e. 100% CFE 75% CF + 25% KW, 50% CF + 50% KW, 25% CF +
75% KW, and 100% KW. A total of 500 eggs, comprised of ten per replicate (50 per treatment) were used. Higher (p < 0.05) shell weight
and thickness, shape index, egg volume, yolk index and weight, egg specific gravity, and Haugh unit score were observed in birds reared
under the intensive system. Egg and shell weight, shape index, volume, yolk index and weight, specific gravity, haugh unit were higher
(p <0.05) in birds fed with 100 % KW. Egg moisture percentage was higher (p < 0.05) in birds fed with 75% KW; crude protein and ash
percentage were higher in birds fed with 25 and 50 % KW, respectively. Egg taste and flavour were better (p < 0.05) in birds fed with 100%
KW. It is concluded that egg quality, nutritional, and sensory attributes were improved when Naked Neck chickens were reared under
the intensive system and fed kitchen waste up to 75 %.
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1. Introduction

Animal proteininabulkamounthasbecomeafundamental
necessity to accomplish the everyday demand of the
ever-growing human population. More interestingly, in
recent years, the demand of specific population groups
for different poultry foodstuffs has driven substantial
modifications in poultry marketing and farming practices
[1,2]. Chicken eggs are considered an excellent source of
proteins, fats, and certain health-beneficial micronutrients
[3] with moderate caloric value (150 kcal/100g), with great
culinary versatility [4,5]. Egg quality is a multifactorial
character and influenced by breed, age, health, nutrition,
and management [6,7,8,9',10,11]. It has been seen that
the egg quality is affected by the diet, and it is limited, or
overfeeding may put a negative effect on the egg quality
of laying birds [12]. However, other related studies
revealed the abnormality in eggs due to the supply of
limited feeding as compared to unlimited feeding to the

birds. Furthermore, the egg weight increased due to the
unlimited feed supply. It was also observed that poultry
birds yield better response regarding overall egg quality
attributes in the natural environment with access to free
land, fresh air, and plenty of water with unlimited feed
such as pastures forages, plants, weeds, earthworms, etc.
[13]. Hence, besides a significant decrease in the cost of
feed, sustainable production of eggs is also ensured [14],
and overall immunity against enteric diseases is also
improved. Rearing conditions and management take a
significant part in egg production and characteristics along
with the health and well-being of the birds [15,16,17,18].
There is a commonly held belief among consumers that
eggs from indigenous chicken breeds are of higher quality
and taste than those of imported or commercial chicken
breeds [19]. Among backyard rural poultry, Naked Neck is
one of the most preferred breeds for rural poultry farmers
[20]. This breed is well-known for better egg production
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and thermo-resistant in tropical and sub-tropical climatic
zones of Pakistan; however, its performance varied among
different environmental conditions as well as rearing
systems. Housing systems and the feeding regimens
impart a dynamic influence on egg production and
quality characteristics [21]. Although literature regarding
effects of housing systems and feeding regimens on the
overall quality, nutritional profile, and sensory attribute
of backyard type Naked Neck and crossbred chicken eggs
were available, the impact of efficient utilization of kitchen
waste in the diet of Naked Neck chicken and its influence on
egg quality, egg nutritional profile, and sensory attributes
is still silent and required further investigation. Thus, the
current study was planned to assess the influence of various
production systems and feeding levels of kitchen waste on
egg quality characteristics, nutritional composition, and
sensory attributes of Naked Neck chickens.

2. Materials and methods

This study was conducted at the Department of Poultry
Production, University of Veterinary and Animal
Sciences, A-Block, Ravi Campus, Pattoki, Pakistan. Pattoki
is located at 31°1'0"N, 73°50'60"E with a height of 186 m.
The city encounters a hot and muggy tropical climate with
temperatures extending from 13 °C in winter to 45 °C in
summer.

2.1. Experimental birds and ethics

Birds were maintained in two rearing systems (intensive
& free-range) with five dietary treatments based on
commercial feed (CF) and kitchen waste (KW), i.e. 100%
CE, 75% CF + 25% KW, 50% CF + 50% KW, 25% CF + 75%
KW, and 100% KW. A total of 500 birds (400 pullets and
100 cockerels) were allotted as 8 pullets and 2 cockerels in
each replicate. Half of the experimental laying birds were
placed under the intensive system (1260 * 20 g) and half
were placed in a free-range (1245 + 15g) production system
with an outdoor area for free movement (08:00-16:00
h) with additional feeders and drinkers. Nest boxes were
provided in both production systems for easy collection of
eggs. Free-range birds were shepherded to the same house
(stocking density = 1.88 pullets/m?*), and rice husk was
placed on the floor (15 cm) and offered commercial feed
with kitchen waste throughout the experimental period
(Table 1) in the morning at 8:00 and evening at 17:00. The
birds were watered through the nipple system. A protective
wire-mesh wall was used to save birds from wild animals
(2.44 m high) adjacent to the area. Eggs were collectively
selected at initial (22 weeks), middle (35 weeks), and
terminal stage (45 weeks) and subjected to egg quality,
nutritional composition, and sensory attributes evaluation.
The laboratory analysis was performed at the egg quality
laboratory at the Department of Poultry Production and
Central Laboratory Complex at Ravi Campus, Pattoki,

Table 1. Proximate analysis of kitchen waste and calculated
ingredient & nutrient composition of the experimental ration

Proximate Kitchen Waste
Dry Matter % 35.6

Moisture % 42.86

Crude Protein % 16.5

Ether Extract % 18.03

Ash % 6.01

Feed Ingredient (%) Grower (7-18 weeks)
Corn (8.5 %) 61.55

Soybean Meal (30 CP%) 31.70

Soybean Oil 3.00

DCP 1.70

NaCl 0.30
Methionine 0.12

Total 100

Nutrient composition

Dry Matter 89.5
Crude Protein 20.02
Metabolizable Energy (Kcal/Kg) |3020
Calcium 0.91
Phosphorus 0.35
Lysine 1.09
Methionine 0.43
Feed Ingredient (%) Production (21-45 weeks)
Corn 42.61
Corn Gluten (60%) 1
Soybean Meal (25%) 15.62
Wheat bran 13
Soybean Oil 3.00
Rice tips 19
DCP 1.2
CaCo, 7.42
DL. Methionine 0.15

Nutrient composition

Crude Protein 17
ME (KCal/Kg) 2750
Calcium 2.81
Phosphorus 0.34
Lysine 0.86
Methionine 0.45
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UVAS, Lahore. Under the university regulatory Ethical
Review Committee, UVAS, Lahore, Pakistan approved the
birds handling procedures (Approval No. DR/758).

2.2. Parameters evaluated

2.2.1. Egg characteristics

Egg geometry of the experimental eggs was determined in
terms of egg shape index (ESI), egg surface area (ESA), and
egg volume (EV) by evaluating a total of 500 eggs (10 eggs
per replicate) (50 eggs per treatment) collected at random
every eight weeks from the start of egg production until
the termination of the experiment. For this purpose, each
egg was weighed carefully by the use of electronic balance
with 0.01 g precision and then subjected to the following
assessments:

Egg weight (g): a digital electronic weighing balance of
0.01 g (Wincom Company Ltd. China) was used for egg
weight.

Egg shape index (ESI): It was calculated by using the
following formula:

ESI = (M) % 100

egg length

Egg surface area (cm?): It was calculated by using the
following formula:

Egg surface area = 3.9782 x W70

Egg volume (cm’): It was calculated by using the
following formula:

Egg volume = 0.519 x longitudal length x transverse
width?

Egg specific gravity: It was determined through egg
floatation technique using saline solutions of known
specific gravity [22].

Eggshell weight (g): the weight of the eggshell (g) of
each egg was also noted on the digital weighing balance.

Eggshell thickness (mm): for this purpose, a digital
micrometre (ORKA) company was used. Eggshell
thickness (mm) was noted at equator lines.

Haugh unit (HU): Haugh Unit score was using the
following equation [23]:

HU =100 x Log (h + 7.57) - (1.7 x W*¥)]

H = Observed height of the albumen in mm; W =
Weight of egg (g)

Yolk index (YI): It was calculated by dividing the height
of the yolk with the width of the yolk as shown below:

YI=(2) %100

Yw
2.2.2. Egg nutritional composition
The proximate analysis was subjected to evaluate Moisture
%, Dry Matter %, Crude Protein %, Nitrogen Free Extract
%, Fat %, and Ash % following AOAC guidelines [24].

Egg nutritional composition of birds from different
production systems under different nutritional regimens
were assessed in terms of Macro minerals, i.e. Na, Ca, P,
Mg, and K.
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Minerals were determined by the following methods:
Na, K, Ca through flame photometer [25].

Mg through spectrophotometer [26].

P through calorimeter [27].

2.2.3. Egg sensory evaluation

A total of 500 eggs comprised of ten eggs per replicate (50
eggs per treatment) were boiled in a stainless-steel pot
containing 900 mL of tap water. As boiling ended water
was removed from the container, and then eggs were
placed for cooling and crossed tap water over them. Every
participant was instructed to follow the 15 points of the
hedonic scale [28]. The following sensory attributes were
studied separately for egg white and yolk: (a) color (b)
taste (c) flavor (d) mouthfeel (e) overall quality.

2.3. Statistical analysis
Effect of the production system and feeding regimens were
evaluated on egg quality, nutritional and sensory attributes
of Naked Neck chicken through factorial ANOVA. General
Linear Model was applied in SAS software (version 9.1).
Significant treatment means were compared through
Duncan’s Multiple Range test [29] considering p < 0.05.
The following mathematical model was applied:

Y =u+a+p+(axp) +¢,

Where,

Y,, = Observation of dependent variable recorded on
i and j* treatment

gt = Population mean

a, = Effect of i production system (i = 1,2)

B, = Effect of j* feeding regimen (j = 1,2,3, 4, 5)

(0t><(3)ij = Interaction effect between i and j* treatments

€, = Residual effect of k" observation on i and j*
treatment NID ~ 0, 0?

3. Results and discussion

Egg quality characteristics such as eggshell thickness,
eggshell weight, albumen index, and yolk index are
important to study as they have a critical role in the
stability of egg contents [30]. These indicators are often
used to differentiate the fresh and old eggs and, hence, can
be important from a consumer point of view. The results of
the present study revealed significant differences (p < 0.05)
in egg quality characteristics, nutritional composition,
and sensory attributes in Naked Neck chicken reared
fed kitchen waste under different housing environments.
Results revealed that the thickness and weight of the
eggshell (Table 2) were higher (p < 0.05) in intensively
raised chickens that can be attributed to a better ambient
environment and optimized nutrition, which might have
led to efficient utilization of nutrients in the formation
of eggshell. Similar findings have been reported by
Englmaierova et al. [31] who observed that egg internal
and external quality of laying hens was higher in cage and
aviary system than deep litter system, while egg albumen
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Table 2. Eggshell weight and thickness of Naked Neck chicken reared under different production system and nutritional regimens.

Production Shell Weight (g) Shell Thickness (mm)
Treatment p-value p-value

System 22 weeks 35 weeks 45 weeks 22 weeks 35 weeks 45 weeks

Free-range 4.43>v+0.17 7.19*+0.18 7.62* +0.24 < 0.0001 0.35+0.01 0.33>7+0.01 0.39*+0.01 < 0.0001

Intensive 5.16%7+0.23 7.36+ 0.20 7.62+0.24 < 0.0001 0.34+0.01 0.36>7+ 0.01 0.40*+ 0.01 < 0.0001

p-value 0.0024 0.5309 0.3210 0.3204 < 0.0001 0.1551
Commercial 4.30%Y+0.21 7.42*+0.48 7.68*+0.25 < 0.0001 0.34 £ 0.01 0.33°+ 0.01 0.39°+0.25 0.4112
25 % KW 4.387+ 0.20 6.95"+0.17 7.97*+0.34 < 0.0001 0.38*+0.01 0.33°¥+ 0.01 0.41>*+ 0.01 0.0016
50 % KW 4,607+ 0.24 7.03*+0.13 7.53*+0.19 < 0.0001 0.32+0.01 0.38Y+ 0.00 0.43**+0.01 < 0.0001
75 % KW 5.07Y + 0.50 7.63*+0.31 7.88+0.28 0.0001 0.33 £0.01 0.33+ 0.01 0.35°+ 0.01 0.1369
100% KW 5.637+0.24 7.35*+0.25 7.62*+0.47 0.0015 0.34 +0.01 0.36°+0.01 0.38°+0.02 0.1134

p-value 0.0035 0.4966 0.7517 0.4435 < 0.0001 0.0002

Free-range Commercial 430"+ 0.36 6.85* + 0.45 7.33%x + (.44 0.0046 0.35+ 0.00 0.318+ 0.00 0.36+ 0.00 0.4238
25 % KW 4137+ 0.35 7.03V+0.24 8.63**+0.18 < 0.0001 0.39*+ 0.03 0.318Y+ 0.00 0.44°> £ 0.01 < 0.0001
50 % KW 4.33+0.09 7.15+0.10 7.23%x+0.21 < 0.0001 0.32+0.01 0.39*Y+ 0.00 0.41%* + 0.00 < 0.0001
75 % KW 4.13v+0.44 7.71¥+ 0.59 7.98x + (.52 0.0033 0.33 £ 0.01 0.328+ 0.00 0.344+0.01 0.1351
100% KW 5.27+0.29 7.20°+0.52 6.90>*+0.71 0.0853 0.35+0.01 0.33'+0.01 0.38<¢ +0.03 0.2263

Intensive Commercial 4.30"+£0.29 7.98*+ 0.81 8.02%>*+ 0.04 0.0026 0.33"+0.01 0.34°4¥+ 0.00 0.43%* + 0.00 0.0002
25 % KW 4.63" £ 0.09 6.87*+£0.27 7.30%+ 0.32 0.0006 0.36 £ 0.01 0.35+ 0.00 0.38% + 0.00 0.1250
50 % KW 4.55" + 0.55 6.80* + 0.40 7.93:x+ 0,31 0.0016 0.33 £ 0.02 0.37>Y+0.00 0.45* + 0.00 0.0002
75 % KW 6.00" + 0.46 7.56* + 0.36 7.77%%+0.34 0.0353 0.34 +0.01 0.34¢'+ 0.00 0.35¢+0.01 0.4506
100% KW 6.00” + 0.25 7.50" £ 0.15 8.34%*+ 0.27 0.0011 0.32+0.01 0.39°+0.01 0.38>4 +0.03 0.1029

p-value 0.1085 0.4785 0.0141 0.4386 < 0.0001 0.0083

¢ Superscripts on different means within column differ significantly among treatment groups at p < 0.05.
*zSuperscripts on different means within row differ significantly among three ages (22, 35, and 45 weeks) at p < 0.05.
KW = Kitchen waste.

Table 3. Egg weight and shape index of Naked Neck chicken reared under different production system and nutritional regimens.

Production Treatment Feg Welght (8 p-value Shape Index p-value

System 22 weeks 35 weeks 45 weeks 22 weeks 35 weeks 45 weeks

Free-range 35.19* £ 0.87 47.52Y £ 0.94 51.47*+0.84 < 0.0001 77.39 +1.48 81.73*+ 1.28 77.09" + 1.44 0.0415

Intensive 36.49" + 1.34 48.05* £ 0.54 50.97* £ 1.36 < 0.0001 80.94+ 1.88 80.29 + 2.26 78.53 +1.20 0.6312

p-value 0.1348 0.5397 0.4880 0.0991 0.5600 0.4320
Commercial 34.77%v+ 1.01 46.54"%+ 1.20 49.30**+ 0.85 < 0.0001 79.19°+2.22 80.14 + 3.29 77.72 +1.21 0.7760
25 % KW 33.007+ 1.43 45.39%v+ (.82 50.83"*+ 0.64 < 0.0001 77.88"+2.03 76.67 + 1.60 74.70 + 2.44 0.5552
50 % KW 34.00"+ 1.05 50.66"Y + 0.43 58.22%*+ 1.33 < 0.0001 78.31°+ 1.49 84.90 + 4.71 78.23 + 1.70 0.2323
75 % KW 35.30%Y+0.75 49.20"%+ 1.28 49.38>*+ 1.28 < 0.0001 74.36°+ 1.21 81.08 + 1.50 77.23 +2.44 0.0559
100% KW 42.13*Y+ 1.75 47.15%%+ 0.91 48.38>*+ 0.69 0.0055 86.08*+ 3.97 82.25 + 1.59 81.14 £2.13 0.4344

p-value < 0.0001 0.0060 < 0.0001 0.0261 0.3277 0.2962

Free-range Commercial 36.13%7+0.73 45.66" £ 2.45 51.10°*+ 0.39 0.0011 78.72 +3.84 86.67 + 3.33 79.51 + 1.80 0.2192
25 % KW 30.07°%+ 0.56 44.80" £ 1.56 51.31*+ 0.24 < 0.0001 75.64 £2.78 76.64 +2.21 72.02 +2.90 0.4763
50 % KW 33.67°¢7+0.95 49.97" £ 0.47 56.08"*+ 1.12 <0.0001 79.54 £ 1.89 81.48 +1.85 76.67 +0.57 0.1714
75 % KW 36.90"Y+ 0.31 51.00 + 2.21 51.29%*+ 2.10 0.0018 71.88 £ 1.10 80.79 + 2.43 74.43 +4.29 0.1648
100% KW 39.20%Y+ 0.44 46.18* + 1.47 47.57%*+0.48 0.0015 81.15+4.73 83.06 + 2.26 82.80 £ 2.52 0.9109

Intensive Commercial 33.40°Y + 1.65 47.43* £ 0.61 47.494*+ 0.45 0.0001 79.65 +3.12 73.61 £ 0.71 75.93 £ 0.96 0.1632
25 % KW 35.93%%+ 1,15 45.97" £ 0.78 50.34*+ 1.31 0.0002 80.13 £ 2.81 76.70 + 2.83 77.38 +3.75 0.7311
50 % KW 33.05%+ 2,95 51.62Y +0.71 61.174*+ 2.63 < 0.0001 74.84 +1.76 83.43 + 14.68 77.11 + 3.66 0.4517
75 % KW 33.70°Y + 0.38 47.41* £ 0.20 47.474%+0.27 < 0.0001 76.84 +0.14 81.37 £ 2.30 80.04 £ 1.89 0.2389
100% KW 45.07°+ 2.54 48.12 £ 1.03 49.18+ 1.24 0.2939 91.00 £ 5.66 81.44 +2.63 79.48 + 3.68 0.1955

p-value 0.0031 0.2409 0.0072 0.4241 0.1714 0.3056

=4 Superscripts on different means within column differ significantly among treatment groups at p < 0.05.
**Superscripts on different means within row differ significantly among three ages (22, 35, and 45 weeks) at p < 0.05.
KW = Kitchen waste.
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Table 4. Egg surface area and volume of Naked Neck chicken reared under different production system and nutritional regimens.

Production Egg Surface Area (cm?) Egg Volume (cm?)
Treatment p-value p-value

System 22 weeks 35 weeks 45 weeks 22 weeks 35 weeks 45 weeks

Free-range 49.49" + 0.82 60.54" + 0.80 63.88* £ 0.69 <0.0001 |32.13*+0.79 43.39" £ 0.86 46.99* £ 0.76 < 0.0001

Intensive 50.65" + 1.22 61.02* + 0.46 63.42*+ 1.11 < 0.0001 33.31"+1.23 43.87* £ 0.50 46.54* + 1.24 < 0.0001

p-value 0.1474 0.5175 0.4412 0.1348 0.5397 0.4880
Commercial 49.11*v+0.97 59.71%*+ 1.03 | 62.07>*+0.72 <0.0001 |31.74>Y+0.92 42.49%*+ 1.09 45.01%*+ 0.77 < 0.0001
25 % KW 47.39>*+ 1.37 58.73%v+0.71 63.36*+ 0.53 <0.0001 |[30.13>*+1.31 41.44%Y+0.75 46.40>*+ 0.58 < 0.0001
50 % KW 48.38"7+ 1.01 63.22Y+ 0.36 69.38**+ 1.06 <0.0001 |[31.04>*+0.96 46.25Y+ 0.39 53.15%*+ 1.21 < 0.0001
75 % KW 49.62"v+0.70 61.98"*+ 1,06 | 62.13>*+ 1.06 <0.0001 |[32.23>V+0.68 44,92+ 1,17 45.09%x+ 1,17 < 0.0001
100% KW 55.83*Y+ 1.54 60.24%*+0.78 | 61.30"*+ 0.59 0.0053 38.47*Y+ 1.60 43.05"*+0.83 44,17+ 0.63 0.0055

p-value < 0.0001 0.0059 <0.0001 <0.0001 0.0060 <0.0001

Free-range Commercial 50.41%%+ 0.68 58.94" + 2.10 63.59*+ 0.32 0.0010 32,997+ 0.67 41.697 +£2.24 46.65°*+ 0.35 0.0011
25 % KW 44,574+ 0.56 58.22" + 1.35 63.77%*+ 0.20 <0.0001 |[27.45%7+0.51 4091+ 143 46.85%*+ 0.22 < 0.0001
50 % KW 48.08<47+0.91 62.65" + 0.39 67.68>*+ 0.91 <0.0001 |30.74¢*+0.87 45.63" £ 0.43 51.20%*+ 1.02 < 0.0001
75 % KW 51.13%Y+ 0.28 63.48*+ 1.84 63.73*+ 1.74 0.0014 33.69"Y + 0.28 46.56* +2.02 46.83*+7.92 0.0018
100% KW 53.24>Y + 0.40 59.41* + 1.27 60.624*+ 0.41 0.0014 35.79%Y + 0.40 42.16*+ 1.34 43.43%*+ 0.44 0.0015

Intensive Commercial 47.804Y+ 1.58 60.49* + 0.53 60.554*+ 0.39 0.0001 30.49°Y + 1.50 43.30* + 0.56 43.365*+ 0.41 0.0001
25 % KW 50.22%+ 1.07 59.24 + 0.67 62.95*+ 1.10 0.0002 32.81%%+ 1.05 41.97"£0.71 45.965*+ 1.20 0.0002
50 % KW 47.4547+ 2,84 64.02Y + 0.59 71.72%*+2.07 <0.0001 |30.17°¢*+2.69 47.12Y £ 0.65 55.85%*+ 2.40 < 0.0001
75 % KW 48.114v+ 0.36 60.48*+0.17 60.53%*+0.23 <0.0001 |30.77°¢v+0.35 43.28*+0.19 43.34%%+0.25 < 0.0001
100% KW 58.41*+2.23 61.08 £ 0.87 61.98°+ 1.05 0.2960 41.15*+2.32 43.93 £ 0.94 4490+ 1.13 0.2939

p-value 0.0030 0.2467 0.0071 0.0031 0.2409 0.0072

=4 Superscripts on different means within column differ significantly among treatment groups at p < 0.05.
*zSuperscripts on different means within row differ significantly among three ages (22, 35, and 45 weeks) at p < 0.05.
KW = Kitchen waste.

Table 5. Egg yolk index and weight of Naked Neck chicken reared under different production system and nutritional regimens.

Production reatment Yolk Index p-value Yolk Weight (g) p-value

System 22 weeks 35 weeks 45 weeks 22 weeks 35 weeks 45 weeks

Free-range 44.35*+1.43 2998+ 1.24 36.58" + 2.05 < 0.0001 8.76* £ 0.17 14.02¥ £ 0.20 15.90*+ 0.27 < 0.0001

Intensive 41.64*+ 1.51 30.26" £ 0.86 38.48* +2.38 < 0.0001 8.917+0.21 1427V £0.13 16.22* £ 0.25 < 0.0001

p-value 0.0842 0.8438 0.3357 0.4833 0.2304 0.2608
Commercial | 40.65>V+ 1.19 28.96” + 0.84 46.35*+ 2.56 < 0.0001 8.837+ 0.08 13.58" £ 0.35 16.40"+ 0.15 < 0.0001
25 % KW 48.72%*+ 1.92 32.88"+2.66 41.917 + 1.42 0.0003 8.05°7+ 0.33 14.02¥ £ 0.31 16.75>*+ 0.44 < 0.0001
50 % KW 44.82>*+ 1,91 27.70" £ 1.12 30.03v+ 2.84 < 0.0001 8.57°7+ (.28 14.34" £ 0.27 16.62**+ 0.28 < 0.0001
75 % KW 42.56**+ 1.68 28.96" + 1.27 38.38%*+ 2.68 0.0006 9.30°7+ 0.12 14.45" £ 0.11 15.60°*+ 0.37 < 0.0001
100% KW 38.245*+2.79 32,119+ 1.09 30.97¢Y+ 2.60 0.0853 9.43%7+ 0.22 14.33" £ 0.13 14.93*+ 0.22 < 0.0001

p-value 0.0029 0.1282 < 0.0001 0.0038 0.0663 0.0015

Free-range Commercial | 38.87<¢*+ 1.45 27.10" £ 0.26 40.68>*+0.17 < 0.0001 8.80*+0.17 12.87>Y+0.19 16.61* £ 0.27 < 0.0001
25 % KW 51.47*+ 3.02 35.04 £5.29 42.43% +2.88 0.0647 8.17 £ 0.48 13.93*7+ 0.59 16.10*+ 0.74 0.0002
50 % KW 45.47%x+ 2,18 27.89" £ 0.81 33.28%7 + 5.44 0.0274 8.53+0.58 14.52*7+ 0.16 16.44* + 0.56 < 0.0001
75 % KW 42.23+ 3,19 29.03 £ 0.98 39.48" + 523 0.0866 9.20" + 0.06 14.67>*+ 0.03 15.73*+£ 0.56 < 0.0001
100% KW 43.71%x+ 1.45 30.84" + 1.96 27.01¢4Y +0.41 0.0004 9.10" +0.10 14.14>*+ 0.09 14.65* + 0.32 < 0.0001

Intensive Commercial | 42.43Y+ 1.35 30.82+0.19 52.03** + 0.65 < 0.0001 8.87+0.03 14.30*Y+ 0.25 16.20* £ 0.05 < 0.0001
25 % KW 45.96+ 1,28 30.71Y £ 1.63 41.40% + 1.22 0.0006 7.93*+0.55 14.11*Y+ 0.36 17.40* £ 0.06 < 0.0001
50 % KW 41.77°*+ 4.65 28.77V £ 3.45 27.264Y +0.01 0.0043 8.55*+ 0.45 14.00*Y+ 0.90 16.92* £ 0.28 < 0.0001
75 % KW 42.88%*+ 1.97 28.89" + 2.66 37.28% +2.69 |0.0194 9.40" +0.23 14.23**+ 0.09 15.47* £ 0.61 < 0.0001
100% KW 32.774+ 2.64 33.38+£0.73 34,9204 + 4,25 0.8688 9.77" £ 0.34 14.524*+0.19 1521+ 0.24 < 0.0001

p-value 0.0489 0.4392 0.0441 0.7594 0.0450 0.3035

=4 Superscripts on different means within column differ significantly among treatment groups at p < 0.05.
**Superscripts on different means within row differ significantly among three ages (22, 35, and 45 weeks) at p < 0.05.
KW = Kitchen waste.
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Table 6. Egg specific gravity and Haugh unit score of Naked Neck chicken reared under different production system and nutritional
regimens.

Production Egg Specific Gravity Haugh Unit Score
Treatment p-value p-value

System 22 weeks 35 weeks 45 weeks 22 weeks 35 weeks 45 weeks

Free-range 1.09* £ 0.00 1.08" £ 0.00 1.07*+ 0.00 <0.0001 105.59*+ 0.91 108.81Y £ 0.55 116.35*+ 0.88 < 0.0001

Intensive 1.085* £ 0.00 1.080” £ 0.00 1.075*+ 0.00 <0.0001 107.16" £ 0.48 109.01 £ 0.92 116.73* £ 0.82 <0.0001

p-value 0.5474 0.5307 0.2068 0.1055 0.8108 0.7392
Commercial 1.09* £ 0.00 1.08" £ 0.00 1.07*+ 0.00 <0.0001 105.18%7+ 1.32 106.77¢Y+ 1.25 117.04*+0.18 <0.0001
25 % KW 1.08* £ 0.00 1.08* £+ 0.00 1.07 £ 0.00 0.0118 108.26>Y + 0.40 107.35%7 + 0.88 117.68* £ 2.19 0.0001
50 % KW 1.09* £ 0.00 1.08" £+ 0.00 1.08" + 0.00 0.0005 105.47%2+0.61 108.67°7 + 1.08 117.08* £ 0.09 <0.0001
75 % KW 1.08*+ 0.00 1.08* £ 0.00 1.07" £ 0.00 0.0004 104.48°*+ 1.66 109.75®Y+ 0.10 117.23*+ 1.54 < 0.0001
100% KW 1.09* £ 0.00 1.08" £ 0.00 1.077+ 0.00 0.0001 108.49*Y+ 0.52 112.00%*+ 1.04 113.68* + 0.94 0.0023

p-value 0.8045 0.9279 0.9895 0.0336 0.0051 0.2113

Free-range Commercial 1.09* £ 0.00 1.08" £ 0.00 1.07*+ 0.00 0.0004 103.96" £ 2.65 105.60" £ 1.29 116.78*+ 0.20 0.0036
25 % KW 1.08 £ 0.00 1.08 £ 0.00 1.07 £ 0.00 0.0764 107.84" £ 0.47 108.57" £ 1.06 119.66* + 0.09 <0.0001
50 % KW 1.09* £ 0.00 1.08" £ 0.00 1.07¥ £0.00 0.0109 105.33* + 0.47 109.71Y £ 0.15 117.10+0.13 <0.0001
75 % KW 1.08* £ 0.00 1.079% £ 0.00 | 1.074" = 0.00 0.0222 102.71Y £ 3.16 109.66® £0.10 116.12*+ 3.17 0.0293
100% KW 1.09* £ 0.00 1.08" + 0.00 1.08" + 0.00 0.0244 108.11+0.75 110.50 £ 0.55 112.09 £ 1.36 0.0658

Intensive Commercial 1.09*+ 0.00 1.08" £+ 0.00 1.07* + 0.00 0.0069 106.40" £+ 0.48 107.94" £ 2.19 117.30* £ 0.22 0.0021
25 % KW 1.08 £ 0.00 1.08 + 0.00 1.08 £ 0.00 0.2842 108.69 + 0.62 106.12 £ 1.12 115.69 + 4.48 0.1030
50 % KW 1.09 £ 0.00 1.08 + 0.00 1.08 £ 0.00 0.0886 106.30" + 1.81 106.617 + 3.34 117.06* + 0.25 0.0031
75 % KW 1.08* £ 0.00 1.08* £+ 0.00 1.07¥ £ 0.00 0.0439 106.24* + 0.77 109.85" £ 0.17 118.35*+ 0.74 < 0.0001
100% KW 1.08* £ 0.00 1.08* £+ 0.00 1.07¥ £ 0.00 0.0119 108.87" £ 0.82 113.50* £ 1.69 115.27*+0.16 0.0147

p-value 0.9731 0.8524 0.3189 0.7818 0.1619 0.3561

*< Superscripts on different means within column differ significantly among treatment groups at p < 0.05
*=Superscripts on different means within row differ significantly among three ages (22, 35, and 45 weeks) at p < 0.05.
KW = Kitchen waste.

Table 7. Egg organoleptic of Naked Neck chicken reared under different production systems and nutritional regimens.

Production system Treatment Colour Taste Flavour Mouthfeel Overall quality
Free-range 6.38 + 0.50 7.76 + 0.57 9.26 + 0.56 8.72 +0.56 10.02 + 0.50
Intensive 6.80 +0.38 7.54 £ 0.54 7.90 £ 0.55 7.74 £ 0.55 9.54 £ 0.52
p-value 0.3287 0.9791 0.1046 0.2059 0.5523
Commercial 6.84 +0.73 6.48°+ 0.77 7.44> % 0.93 6.64°+ 0.82 8.44"+ 0.80
25 % KW 5.14 +0.88 5.71°+ 0.81 5.71°%+ 0.81 6.57°+ 1.16 8.29+ 0.98
50 % KW 7.60 £ 0.64 8.15%+ (.87 8.80*+ 0.75 9.05® + 0.91 10.15®+0.72
75 % KW 6.00 + 0.74 8.85+ 0.90 9.55®+ 0.71 9.35°+ 0.64 11.15* +0.71
100% KW 6.86 + 0.49 8.71°+ 0.84 10.71°+ 0.74 9.38*+ 0.80 10.71°* + 0.69
p-value 0.1432 0.0287 0.0013 0.0314 0.0287
Free-range Commercial 5.90+1.29 6.30 £ 1.54 6.00 +1.37 7.10 £ 1.37 7.60 + 0.93
25 % KW 5.60 +1.36 5.60 +0.88 8.20 +1.40 6.00 + 1.37 9.50 + 1.31
50 % KW 8.00 + 0.84 8.80 + 1.16 9.20 + 1.04 10.20 £ 1.12 9.60 + 1.07
75 % KW 5.20 +1.20 8.20 +1.20 11.10 £ 0.74 10.70 + 0.79 11.60 + 1.05
100% KW 7.20 £ 0.80 9.90 +1.02 11.80 £ 0.74 9.60 + 1.07 11.80 +0.74
Intensive Commercial 7.60 = 1.11 6.30 + 1.01 7.20 +1.44 6.70 +1.27 8.00 + 1.46
25 % KW 5.78 £0.70 6.67 + 1.15 578 £1.18 6.67 +1.49 8.44 +1.24
50 % KW 7.20 = 1.00 7.50 +1.33 8.40 +1.11 7.90 + 1.40 10.70 + 0.99
75 % KW 6.80 + 0.85 9.50 +1.17 8.00 +1.03 8.00 + 0.84 10.70 +0.99
100% KW 6.55+ 0.61 7.64 +1.26 9.73 +1.21 9.18 +1.22 9.73 +1.08
p-value 0.5518 0.3393 0.6585 0.6428 0.6601

Superscripts on different means within column differ significantly at p < 0.05.
KW = Kitchen waste.
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Table 8. The nutrient of egg albumen in Naked Neck chicken reared under different production

systems and nutritional regimens.

sP;';(;l:lction Treatment Moisture % Crude Protein % Ash%
Free-range 81.46*+ 1.06 73.39 +£0.83 4.48*+0.13
Intensive 77.44°+ 1.74 73.40 £0.83 4.24°+0.10
p-value < 0.0001 0.9848 0.0004
Commercial 72.874+2.79 70.51¢+ 1.59 4.18°+0.23
25 % KW 76.97°+ 0.96 76.80°+ 0.14 4.11°+0.13
50 % KW 80.09°+ 2.03 73.65°+ 0.54 4.89*+0.19
75 % KW 86.09*+ 1.29 75.06°+ 0.25 4.39*+0.08
100% KW 80.53"+ 1.62 70.97¢ £ 1.51 4.24*+0.19
p-value 0.0003 < 0.0001 0.0304
Free-range Commercial 80.03*4+ 0.79 73.63°+1.25 4.59°+0.33
25 % KW 79.46% + 0.22 76.78*+ 0.26 4.44°+ 0.04
50 % KW 83.35%¢+ 1,55 73.95®+ 1.03 517+ 0.31
75 % KW 87.95*+ 2.33 75.38%+ (.12 4.45'+0.08
100% KW 76.53%4+ 1.24 67.22¢+ 1.02 3.75¢£ 0.05
Intensive Commercial 65.72f+1.25 67.39°+ 1.94 3.77°+£ 0.15
25 % KW 74.48¢+ 0.39 76.82*+ 0.15 3.78"+ 0.06
50 % KW 78.25%+ 3.53 73.36°+0.51 4.60°+0.13
75 % KW 84.24%+ (.28 74.75% + 0.45 4.32°+0.15
100% KW 84.53%+0.29 74.71°£ 0.50 4.74*%+0.01
p-value < 0.0001 < 0.0001 < 0.0001

Superscripts on different means within column differ significantly at p < 0.05.

KW = Kitchen waste.

and shell qualities were higher in conventional cage
system, whereas yolk index was higher in hens of enriched
cages system and aviary system. In another previous study,
higher eggshell strength and lower eggshell thickness were
observed in the eggs of chickens reared in the cage system
compared to the floor system [10,32]. Usman et al. [33]
reported that egg weight was higher in the enriched cage
system than in aviary and conventional cages, while higher
egg surface area and egg volume were observed in enriched
cages than in conventional cages and aviary system. The
study of Ledvinka et al. [34] also explained the influence
of the housing system as well as feeding regimens on the
eggshell strength, weight, and thickness. Furthermore,
eggshell density, thickness, and weight were lower in birds
reared on the free rage system [35]. It has been reported
that albumen height and eggshell thickness were higher
in eggs of birds reared in free-range than in cage systems
[36]. However, eggshell strength, shell ratio, yolk ratio,
colour, and immunoglobulin IgY(ug) did not differ among
birds reared under the free-range and cage system [36].
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Another study reported that higher shell weight and
thickness in birds reared under the free-range system [37].
Similarly, larger-sized eggs with high albumen to yolk
ratio were noted by Pistekova et al. [38] in birds reared
under the litter system. Mohammed et al. [39] noticed
the dark yellow colour of yolk with low-quality albumen
when birds were given access to the free-range system. The
dark yellow colour could be attributed to the utilization
of green forages [40]. Abou-Elezz et al. [41] reported
higher shell thickness in eggs from free-range birds and
stated that higher thickness is due to consumption of
calcium through soil sources. Furthermore, Mutayoba
et al. [42] reported that the provision of supplementary
diets (Scavenging + commercial feed) to laying hens
significantly improve growth, egg production, and egg
quality. It has been also described by Karcher et al. [43]
that manipulation in the feeding system can directly affect
the egg quality characteristics. Stanley et al. [44] observed
significant variation in egg weight between cage and barns
system. However, Jones et al. [45] noticed that those



BUGHIO et al. / Turk ] Vet Anim Sci

Table 9. The nutrients of egg yolk in naked neck chicken reared under different production systems and nutritional regimens.

Production system | Treatment Moisture% Crude Protein % |Fat% Ash%
Free-range 44.10° + 1.45 30.44° £ 0.87 49.50° + 1.42 3.34*+0.13
Intensive 46.16* + 0.84 30.62* £ 0.53 50.21* £ 1.96 3.12° +0.14
p-value 0.0002 0.0022 < 0.0001 0.0011
Commercial 44.54 +2.17 29.24 +1.47 42.48 +3.01 3.20+0.32
25 % KW 42.63 £0.84 32.50 £ 0.38 58.08 +£2.28 3.18 £0.09
50 % KW 41.01 £2.20 27.55 +1.30 49.34 £ 2.56 3.87£0.21
75 % KW 48.90 +1.32 32.81+0.34 51.78 £ 0.35 2.76 +0.08
100% KW 48.57 £ 0.88 30.57 +£0.43 47.59+ 0.46 3.15+0.06
p-value 0.0810 0.8345 0.6547 0.1402
Free-range Commercial 42.40°+ 4.26 29.93 +2.93 47.59*+ 4.49 3.73® +0.37
25 % KW 44.78*+ 0.30 31.59 £ 0.31 52.87°+ 0.31 3.37% £ 0.11
50 % KW 36.17%+ 2.60 26.52 +2.59 47.64*+ 5.31 3.69" +0.37
75 % KW 50.78+ 1.68 33.13 £0.05 52.19°+ 0.26 2.76°+0.12
100% KW 46.39"+ 0.65 31.05+0.77 47.21°+ 0.92 3.16+ 0.06
Intensive Commercial 46.69"+ 0.89 28.55+1.08 37.38°+ 0.66 2.68+ 0.37
25 % KW 40.47°+ 0.28 33.42+0.13 63.28'+ 2.48 3.00° + 0.02
50 % KW 45.84%+ (.38 28.58 +0.69 51.03%+ 0.72 4.04*+0.23
75 % KW 47.03*+ 1.73 32.49 +0.68 51.37°+ 0.62 2.76°+ 0.12
100% KW 50.75*+ 0.15 30.09 £ 0.35 47.97°+0.23 3.13*+0.13
p-value 0.0019 0.5763 0.0054 0.0514

Superscripts on different means within column differ significantly at p < 0.05.

KW = Kitchen waste.

eggs from aviaries and furnished cages were significantly
heavier than from conventional cages systems. Laywel et
al. [46]* also observed heavy eggs in both conventional and
furnished cages.

As far as feeding regimens are concerned, the results of
a recent study showed that egg surface area, shape index,
egg volume, shell thickness, yolk weight, and Haugh unit
score (Table 2,3,4,5,6) were higher (p < 0.05) in birds
fed 100% kitchen waste. Catli et al. [47] reported higher
eggshell breaking strength in laying hens fed with meat
and bone meal (MBM) when compared with oyster shell
meal (OSM). On the other hand, Ukachukwu and Akpan
[48] described that the quality characteristics of an egg
were not influenced by the various feeding levels in pullets.
Richards et al. [49] explained the lower quality of eggs with
restricted feeding than limited feeding in broiler breeders.
Ovyedeji et al. [50] reported that the weight of the egg was
higher with limited feeding in laying hens.

Robinson et al. [51] reported that different sources
of feeding influenced the different factors of egg quality
and composition. Though, analyses of productive traits

2 http://www.laywel.eu/web.

need to consider the relative allocation of nutrients [52].
The influence of restricted feed and additional feed on the
quality and size of eggs have been described in laying birds
[53].

In terms of sensory evaluation, egg taste, flavour, and
mouthfeel (Table 7) were higher (p < 0.05) in birds fed
with 100% kitchen waste; however, the overall organoleptic
quality was higher in birds fed with 75% kitchen waste.
Similarly, the study of Hayat et al. [54] used the feed
treatment of flaxseed in the diet of hens. Trained and
untrained panellists were selected to test the flavour, aroma,
and overall quality of eggs. The untrained panel couldn’t
observe the taste aroma and overall differences in the egg
while the trained panel was identified the taste aroma and
overall quality of eggs in birds fed with 10% of flaxseed in
the diet. Rossi [55] carried out different experimental trials
on egg organoleptic evaluation of hard boil eggs from the
different production systems commented no effect on egg
taste.

However, the study of Drazbo et al. [56] reported that
feeding treatments did not affect the properties of sensory
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Table 10. The content of Egg mineral elements in Naked Neck chicken reared under different production systems and nutritional

regimens.
Production system Treatment Mg (ppm) Na (ppm) K (ppm) Ca (ppm) P (ppm)
Free-range 12.96 +0.19 141.40 + 1.09 138.20 + 1.04 55.00 + 1.15 198.40 + 0.99
Intensive 12.40 +0.28 141.40 +0.72 138.53 £0.83 55.87 +1.03 197.67+0.79
p-value 0.1084 1.0000 0.8072 0.5905 0.5961
Commercial 12.95 +0.24 142.17 + 1.42 137.33 £0.61 54.00 + 1.84 198.83 +1.87
25 % KW 12.21 £ 0.56 141.17 + 1.66 137.67 £ 2.01 56.17 £ 1.54 199.00 + 0.89
50 % KW 13.02 +0.53 139.67 + 1.17 139.83 + 1.89 52.83+1.92 196.17+ 0.91
75 % KW 12.38 +0.30 141.83 £1.83 137.00 + 0.97 57.33+1.28 199.50 + 1.96
100% KW 12.83 +0.23 142.17 £ 1.25 140.00 + 1.37 56.83 + 1.66 196.67 + 0.80
p-value 0.4628 0.7821 0.4787 0.3462 0.4408
Free-range Commercial 12.85+0.43 141.67 £ 2.03 137.00 + 1.00 52.33+2.03 198.33 + 3.76
25 % KW 12.41 £ 0.19 140.67 + 3.48 137.00 + 3.51 55.67 £ 2.85 199.67 +1.20
50 % KW 14.07 £ 0.18 139.67 +2.33 139.00 + 2.89 53.33 £3.53 196.67 + 1.76
75 % KW 12.44 +0.31 141.00 £ 3.21 135.67 £ 1.45 58.33 £2.03 200.33 +2.91
100% KW 13.02 +0.26 144.00 £ 2.08 142.33 £ 0.88 55.33 +£2.60 197.00 £ 1.53
Intensive Commercial 13.04 +0.31 142.67 + 2.40 137.67 +0.88 55.67 +3.18 199.33 +1.76
25 % KW 12.01 +1.21 141.67 +1.20 138.33 £2.73 56.67 + 1.86 198.33 £ 1.45
50 % KW 11.69 + 0.81 140.50 + 1.50 138.50 + 3.50 50.00 £ 1.00 195.00+ 1.00
75 % KW 12.32 £ 0.58 142.67 + 2.40 138.33 +£0.88 56.33 £ 1.76 198.67 + 3.18
100% KW 12.63 +0.39 140.33 +0.33 137.67 + 1.76 58.33 £2.19 196.33 + 1.45
p-value 0.2669 0.7729 0.4734 0.7746 0.9752

Superscripts on different means within column differ significantly at p < 0.05.
KW = Kitchen waste; Mg = magnesium; Na = sodium; K = potassium; Ca = calcium; P = phosphorus.

evaluation of eggs, except the colour of egg yolk. Sensory
analysis revealed that yolk colour was most intense in eggs
from hens fed 20% blue lupine seeds (group L20) (p <
0.05). However, the addition of the blue lupine seeds in the
diet of layer birds did not influence the taste, aroma, and
structural characteristics of eggs. The source of protein in
feed anyhow, positive aspects such as that egg-aroma and
egg- taste influenced in all samples.

In this experiment, higher (p < 0.05) albumen ash and
moisture % (Table 8) in the free-range system might be
due to increased movement of birds and better utilization
of feed ingredients that ultimately improved egg size and
internal quality. Moreover, yolk moisture, crude protein,
and fat % were higher (p < 0.05) in intensive rare birds,
and this could be attributed to a better realization of
genetic potential, as birds were provided with an ideal
environment that improved health status especially ovary
of birds, hence, improved yolk quality (Table 9). The egg
mineral composition was consisting of phosphorus (198
mg) calcium (55 mg), potassium (138 mg), magnesium
(12 mg), and sodium (141 mg) per 100 g of the whole egg
(Table 10). However, egg mineral profile did not differ
significantly (p > 0.05) among treatment groups regarding
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housing systems, dietary regimens, and their interaction.
The concentration of mineral contents was retrieved from
an agriculture research service that identified the values
for mineral composition for phosphorus (198 mg) calcium
(56 mg), potassium (138 mg), magnesium (12 mg), and
sodium (142 mg) per 100 g of the whole egg [57].

4. Conclusion

It can be concluded that Naked Neck chicken perform
better in the intensive system, whereas feeding kitchen
waste up to 75% may enhance egg quality characteristics
including egg weight, shape index, surface area, volume,
shell weight, yolk weight, yolk index, and Haugh units as
well as sensory attributes like taste, flavour, and mouthfeel.
On the other hand, in free-range system feeding chickens,
the kitchen waste up to 75% may enhance the nutritional
composition of eggs.
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