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ABSTRACT
The present study was conducted to investigate the effects of chicks quality and pre-starter feeding
during the first five days of the feeding period on performance and carcass characteristics. After hatching,
experimental chicks were divided into sex by employing 2 by 2 factorial design chick quality (low and
high) and two feeding regimes as the main effects in each sex. Thus, four treatment groups (low quality
on starter feed, low quality on pre-starter+starter feed, high quality on starter feed, high quality on prestarter+starter feed) were arranged in the study. Total of 800 chicks was used in four treatment groups
including five replicates each, using 40 chicks (20 males and 20 females) per replicates. At the beginning
of the experiment, initial live weight was seen to be affected by chick quality, as the mean body weights
of the high-quality chick groups were 1.3 g heavier than those of the low-quality chick groups (P < 0.001).
However, at the end of the experiment, the use of pre-starter feeding and chick quality did not affect body
weight gain, feed consumption, feed conversion rate or mortality rate significantly (P > 0.05). With regard
to the fatness of the carcass, a higher amount and proportion of abdominal fat were found in low-quality
female chicks (P < 0.05).
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s the human population continues to increase, it has
become necessary to increase food production and
quality to meet the demand for quality food and to ensure
the availability of a balanced diet for human nutrition. It is
well known that poultry meat is one of the main sources
of good quality protein. In fact, the economy, quantity
and quality of poultry meat production are significantly
affected by chick quality (CQ), which is known to be
affected by many factors. Besides genotype and age of
breeder flock, CQ is affected by three stages including
pre-hatching (feeding breeder, egg quality, collection and
storage conditions etc.), hatching (incubation temperature,
humidity, ventilation and turning of eggs) and post-hatching
(the first 7 days feeding) (Durmuş and Kutlu, 2019).
It is well known that these factors cover a long process
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from the feeding of breeder flock to slaughter of broilers.
Depending on the effects of all these factors, chicks are
produced of different quality and meat yield from broiler
production could vary according to the quality of chicks
(Durmuş et al., 2021). Therefore, CQ is the combination of
many parameters and it is essential for the enhancement of
production and slaughter performance. Quality of chicks are
defined as those that have developed optimally during the
incubation period and have a high growth rate, high breast
meat ratio and high survival rate after hatching (Kamanlı
and Durmuş, 2014). It is difficult to identify chicks that
would have a better performance after incubation, as there
have been no quality classification systems established in
most of the broilers producing countries. Activity, general
appearance, the color of feathers, condition of eyes,
structure of legs, open or closed navel, etc. at hatching
could be the main criteria taken into account in determining
CQ (Tona et al., 2003). According to the studies conducted
on chicks’ quality, one of the most important features of
healthy chicks after hatching is the ability of standing
upright on the feets and clear and bright eyes. Moreover, it
is well known that egg yolk provides necessary nutrients
for the development of the embryo and the color pigments
of the feathers at hatching. Absorption at a high rate of the
yolk sac by the chicks at the end of the incubation could
sign dark yellow feathers at hatching (Meijerhof, 2005).
For this reason, the feathers’ color of the chick is desired to
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be yellow as dark as possible. Also, it is speculated that the
weight of the heart, liver and spleen and the length of the
digestive system increase in parallel with the length of the
chick and the intestinal system develops better (Reijrink
and Molenaar, 2006). Since qualitative characteristics of
chicks at hatching cannot be measured or converted into
quantitative scores, to make subjective interpretation
is really difficult to achieve repeatable success. In the
present literature, few studies have examined the effects of
qualitative characteristics on post-incubation performance
and compiled industry-oriented knowledge on this issue
that has not been provided (Tona et al., 2003, 2005). In
fact, not only CQ, care and feeding during the first week of
life post-incubation are very important for high yield, with
the form, digestibility and nutrient content of feed being
particularly important (Garcia et al., 2006; Leeson, 2008).
It is well known that a chick’s digestive system at hatching
is not yet well developed; enzyme activities are extremely
low (Çelik and Açıkgöz, 2006). Therefore, it is thought
that the nutrition provided to chicks during the first 5-7
days affects the growth performance and immune system
and the feed given during this period should be highly
nutritious and digestible to meet the nutrient demands
of the animals and to promote the development of the
gastrointestinal tract (Maiorka et al., 2006; Ebling et al.,
2015).
The present study was aimed to determine whether
CQ (high and low) and providing pre-starter feeding during
the first five days after incubation would affect fattening
performance and carcass characteristics of broilers.
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Ethical statement
This study was approved by the Çukurova University
Animal Experiments Local Ethics Committee (Approval
no: 2018/7).
Animals, diets and experimental design
One-day-old chicks (Ross 308) were obtained from a
private hatchery following the standard incubation process
for broilers according to Mcquoid (2000). Eggs used for
hatching were obtained from the breeding flock at 62
weeks of age and the eggs were placed in the incubator
after stored for 24 h. For the quality classification of the
chicks at hatching, 1200 chicks were randomly chosen
from the hatchery. After sexing based on wing feathers
according to the Ross Recommendation (2018), a total
of 800 chicks (400 male and 400 female) were selected
according to the quality parameters (Table III) adopted
in the study. The male and female chicks were divided
into two treatment groups defined as high quality and low
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MATERIALS AND METHODS

quality. Each quality group was divided into two feeding
groups that received control feeding (CF) throughout
the experiment or a pre-starter diet (PSF) for the first
five days with control diets given for the remainder of
the experiment. Thus, the birds were assigned to four
treatment groups (2x2 factorial design feed and quality
as main effects) including five replicates (20 males and
20 females in each) for each treatment. Since the nutrient
requirements for the chicks changed according to age, the
chicks were fed with three or four different feeds (prestarter and/or starter-grower-finisher) that had different
pellet forms and nutrient content. Half of the chicks were
fed with a PSF (Neochicc™ by Cargill, a commercial
PSF designed with highly digestible foodstuffs (maizesoya-animal plasma) to aid the transition from yellow
sac to solid feed after hatching). Approximately 100 g of
Neochicc were provided to each bird for the first 120 h
of life. Nutrient specification of Neochicc contains 23%
crude protein, 9% crude fat, 2.65% crude cellulose, 6.3%
crude ash, 0.95% calcium, 0.72% phosphorus, 0.20%
sodium, 1.42% lysine and 0.66% methionine and it is
specially designed in dust-free pellets with a diameter of
2 mm. The other feeds (starter , grower and finisher feeds,
based on maize and soya) used in the trial were obtained
from a commercial feed mill in pelleted forms with 3-4
diameters. The nutrient and ingredient composition of the
feeds used in the experiment are given in Supplementary
Tables I and II.
The birds were reared in an environmentally
controlled house containing a total of 20 pens (3 × 1 m)
with a 24-h daily lighting schedule. Feed and water were
provided ad libitum throughout the experiment. Animal
density in each pen was adjusted to 17 chicks/m2, similar
to that applied in commercial conditions. During the
experiment, the environmental temperature and humidity
were maintained within the animal comfort zone using a
curtain and tunnel ventilation systems according to the
Ross Recommendation (2018).
Measurements and analytical methods
The quality of chicks were measured according to the
criteria given in Table I and the quality score of the chicks
was calculated by summing the scores of each parameter.
Accordingly, chicks with a total score of 80-100 were
considered to be high quality, chicks with a total score of
60-79 were considered to be low quality and chicks with
a total score below 60 were classified as off-trail chicks.
The weighted scores (30% for legs, 30% for eyes, 20% for
feather color, and 20% for chick length) of these criteria
were determined by evaluating leg structure, eye condition,
feather color, and chick length. The importance level of
each criterion for a healthy chick was taken into account in
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determining the weighted scores of the criteria used in the
evaluation of CQ. The effects of the determining criteria
on CQ were not individual and/or their relationships with
each other, but the total effect of these criteria determined
the CQ.
Table I. Scoring of parameters used for the
determination of chick quality.
Quality
parametres

Criteria

Scores

Legs

Excellent

30

Joint swelling and upright posture

15

Shape and/or discoloration of the
legs and/or fingers

15

Excellent

30

Clear but dull or choked eye

15

Closed eye

0

Feather colour Dark yellow (DSM-S 4 ≤)

20

Eyes

Length

Medium yellow (DSM-S 2-3)

15

Light yellow (RS 1 ≥)

10

Long (19.6 cm <)

20

Medium (19.2-19.6 cm)

10

Short (< 19.2 cm)

0

e
n

Total scores

100

High quality chick

li

Low quality chick
Off-trial chick

O

n

60-79
<60

The leg structure and eye condition of the chicks were
evaluated by eye inspection, the feather color of the neck
area was scored using the DSM-S yolk scale and the chick
length was measured as the distance between the beak and
the middle fingernail using a ruler (Supplementary Figs.
1 and 2).
The standard value ranges taken into account in
the evaluation of chick length were determined by a
preliminary study on a total of 200 eggs obtained from the
breeding flock at 62 weeks of age.
Calculation and statistical analysis
Feed consumption was recorded weekly at the
sub-group level, body weight (male and female birds
separately) was measured each week by weighing on
a digital scale. The feed conversion ratio (FCR) was
calculated by dividing feed intake by body weight gains at
the sub-group level.
Feed conversion ratio = (cumulative feed intake (g)/

cumulative body weight gain (g)) × 100
The number of dead birds was recorded daily by sex
and assigned treatment groups. At the end of the experiment
when the birds were 35-days old, all of the chicks were
prepared for slaughter. Five male and five female birds
having the average live weight of each replicate were
used for the carcass analyses. Immediately after slaughter,
the carcasses of the sample birds were weighed to obtain
hot carcass values. The carcasses were then held in cold
storage at 4°C for 24 h before the measurement of the cold
carcass weight. The carcass yield was calculated using
the following formula. At the same time, the abdominal
fat weight was weighed and the relative abdominal fat
weights were calculated using the following formula.
Carcass yield = (cold carcass weight (g)/slaughter
weight (g)) × 100
Relative abdominal fat weight = abdominal fat weight
(g)/cold carcass weight (g)) × 100
The data were analyzed using Statistical Analysis
System (SAS) by 2x2 factorial design. Duncan’s new
multiple range test in SAS was used to identify significant
differences among treatment means. The data related
to liveability were calculated using Chi-square analysis
with the help of SAS. The results obtained in this study
are presented as means per bird with standard errors of
the difference between means (SED). In addition, the
significance level was taken as 0.05 in all tests.
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RESULTS
Quality scoring for chick was applied to 1200 chicks
and the rates of high, low and off-trial chicks were found
to be 49.67%, 39.33% and 11.00%, respectively. The
results obtained in the present study revealed that although
the initial body weight was not taken as a parameter for
CQ, the differences between the initial live weights of
the quality groups were found to be significant (P < 0.05;
Table II). According to this result, the mean initial body
weights of the high-quality groups were found to be 1.33
g heavier than those of the low-quality groups and thus,
the chicks having higher live weight classified as higher
quality. Also, at the end of the experiment, the high-quality
chicks were found to have 37.59 g more body weight gain
than low-quality chicks (P > 0.05). It is thought that such
as low as 1.33 g higher body weight at the beginning of
the fattening period may create almost 37 g difference
at the end of the fattening period. This may lead to more
profitable production. But the differences in body weight
gains of high and low-quality birds were not significant (P
>0.05). It has been reported in many studies that chicks with
a high live weight at the beginning of the fattening period
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Table II. The effect of chick quality and pre-starter feed on performance in broiler.
Low quality chickens
ILW

High quality chickens

P-value

CF

PSF

CF

PSF

SED

CQ

PSF

CQxPSF

47.43a

47.70a

48.98b

48.80b

0.30

<0.001

-

-

Body weight gain (g/chick)
7th day

134.22

135.72

141.09

133.89

2.40

0.61

0.56

0.38

14th day

483.94

481.13

492.43

480.38

3.96

0.63

0.36

0.57

21 day

1022.10

1035.42

1029.81

1067.98

11.46

0.40

0.28

0.60

28 day

1713.09

1731.88

1785.84

1789.59

16.89

0.74

0.83

0.58

35th day

2460.22

2458.53

2505.60

2488.33

20.05

0.36

0.82

0.85

th
th

le

Feed intake (g/chick)
7th day

172.60

171.28

172.16

167.37

2.24

0.63

0.50

0.70

14 day

580.54

570.58

574.59

575.23

4.21

0.94

0.59

0.54

21th day

1334.43

1303.72

1330.74

1310.31

14.83

0.96

0.40

0.87

28 day

2366.65

2340.42

2383.18

2378.05

23.72

0.58

0.75

0.83

35 day

3595.57

3540.64

3618.93

3593.09

33.59

0.58

0.56

0.83

1.26

0.02

0.32

0.85

0.44

th

th
th

t
s

Feed conversion ratio (gain/feed)
7th day

1.29

1.27

1.22

14 day

1.20

1.19

1.17

21 day

1.31

1.26

1.29

28th day

1.38b

1.35ab

1.33a

35 day

1.46

1.44

th
th

th

b
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1.44
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1.20

ab

it c

r
A

0.01

0.61

0.70

0.29

a

1.23

0.01

0.32

0.03

0.64

1.33a

0.01

0.02

0.19

0.37

1.44

0.01

0.56

0.38

0.36

ILW, Initial live weight; CQ, Chick quality; CF, Control feed; PSF, Pre-starter feed. a, b, Significant of interaction effect on group averages indicated by
different letters (P < 0.05).

n
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attained higher performance. When the groups fed with
PSF for the first five days and the control groups were
compared, it was observed that the groups fed with PSF
had numerically higher live weights on the 7, 21 and 28
days. This result shows an increase in body weight gain
and an improvement in the feed conversion rate in broilers
fed with PSF at the weeks indicated. As shown in Table II,
in terms of feed consumption, there was not a significant
difference between the groups (P > 0.05). However, when
the quality groups were evaluated individually, it was
observed that the groups fed with PSF in the first 5 days
consumed less feed during the experiment.
The results concerning FCRs showed that there
were no significant differences between treatment groups
during the first two weeks of the experiment. However,
FCRs calculated on the 3rd and 4th weeks of the experiment
were found to be significant between the groups (P < 0.05;
Table II). As the birds were getting older, the effects of
CQ and PSF on the FCR were disappeared and become
insignificant (P>0.05). On the 7th, 14th, 21st, 28th and 35th
days of the experiment, it was found that the mortality rate

O

between the groups was not significant, as shown in Table
III (P > 0.05).
Table III. The effect of chick quality and pre-starter
feed on mortality in broiler.
CQ

7 day

P value

Low quality chick

High quality chick

CF

PSF

CF

PSF

1.50

1.00

0.00

0.00

0.07

14th day 1.50

2.00

0.00

0.00

0.14

21 day

2.00

2.50

0.50

0.00

0.63

28 day 2.50

3.00

0.50

0.50

0.63

35th day 2.50

4.00

2.00

1.00

0.21

th

th
th

For abbreviations and statistical details see Table II.

However, it was observed that the mortality rate
was lower in high-quality chicks for all weeks. Although
the effect of PSF on mortality was not statistically (P >
0.05) significant, the group with the lowest mortality
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Table IV. The effect of chick quality and pre-starter feed on carcass parameters in male and female broiler.
Parameter

Low quality chicks
CF

PSF

High quality chicks

P-value

CF

PSF

SED

CQ

PSF

CQxPSF

2768.00

2693.20

21.27

0.52

0.11

0.96

Male
Slaughter weight 35th day (g/chicken)

2737.60

2667.40

Hot carcass weight (g/chicken)

2113.16

2066.36

2137.48

2083.84

17.63

0.56

0.17

0.92

Cold carcass weight (g/chicken)

2077.88

2019.32

2095.88

2041.48

17.11

0.57

0.12

0.95

Abdominal fat weight (g/chicken)

22.08

22.56

24.20

22.76

0.58

0.33

0.68

0.42

Carcass yield (%)

75.91

75.71

75.71

75.80

0.23

0.90

0.90

0.76

Abdominal fat rate (%)

1.06

1.12

1.16

1.12

0.03

0.47

0.93

0.44

2300.80

2372.40

2367.40

2364.60

0.48

0.45

Female
Slaughter weight 35th day (g/chicken)
Hot carcass weight (g/chicken)

1791.60

1853.40

1842.64

1878.56

Cold carcass weight (g/chicken)

1762.06

1813.04

1807.20

1803.48

Abdominal fat weight (g/chicken)

23.91a

24.32a

19.88b

20.12b

Carcass yield (%)

76.60

76.42

76.33

76.26

Abdominal fat rate (%)

1.35a

1.34a

1.10b

1.20b

For abbreviations and statistical details see Table II.

rate was observed to be high-quality chicks receiving
the PSF. In general, mortality was observed to be lower
in high-quality chicks, as it was expected. At the end of
the trial, CQ and PSF application were found to have no
significant effects on slaughter and carcass characteristics
in male chicks (P > 0.05; Table IV). However, CQ was
found to have significant effects on abdominal fat weight
and abdominal fat ratio in female chicks (P < 0.05).
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The results of the present experiment suggest that good
quality chicks with a higher body weight after hatching
may perform better than their low-quality counterparts.
However, the relationship between the hatching weight
of the chick and the slaughtering weight remains still
unclear. However, Powell and Bowman (1964) speculated
on a positive relationship between these two parameters;
McLoughlin and Gous (1999), Wolanski et al. (2003)
and Tona et al. (2004) reported no relationship between
these two parameters. Contrary to our Vieira and Moran
(1999) reported a negative relationship between the same
parameters. McLoughlin and Gous (1999) found that there
was no relationship between hatching weight and slaughter
performance; however, they stated that chick weight at
7-10 days of age is closely related to slaughter weight.
The beginning of the production period (especially for the
first 5 days) is important for adaptation of the digestive
system to exogenous feed-origin nutrients; chicks need
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23.98

0.55

16.32

0.26

0.15

0.70

18.96

0.65

0.54

0.48

0.70

0.04

0.36

0.52

0.15

0.49

0.67

0.86

0.03

0.01

0.43

0.30

highly digestible nutrients for growth, development of
the immune system and thermoregulation (Maiorka et al.,
2006; Ebling et al., 2015). Therefore, feeding chicks with
PSFs that have a high nutrient content and/or digestibility
during this transition period enables more efficient use of
nutrients (Garcia et al. 2006; Leeson, 2008).
In a study conducted by Leeson (2008), it was
reported that the average live weights of chicks fed highly
digestible PSFs instead of commercial corn and soy-based
feeds increased from 160-170 g to 200 g. Tabeidian et
al. (2015) reported that the addition of 0.3 L/kg water
to PSFs prepared using casein-dextrose, casein-starch,
gluten-dextrose and gluten-starch increased body weight
gain of chicks. Nabizadeh et al. (2017) were investigated
the effects on broiler performance of PSF prepared using
four different levels of isolated soy protein (ISP; 0, 1.5,
3.0, 4.5%) and four different levels of broken rice (0, 6,
12, 18%). They reported that the bodyweight gains of the
groups fed with PSFs were higher than the control group
and that the body weight gain increased linearly with the
increase of broken rice in the ration. The use of broken
rice in pre-starter diets of broilers also had positive effects
on body weight gains (Kita and Okuten, 2013; Ebling et
al., 2015). Ivanovich et al. (2017) investigated the effects
on broiler performance of PSFs having different metabolic
energy (ME; 3,000 or 2,900 kcal/kg) and different
digestible amino acids (DAA; 100%, 107%, and 114%)
contents given during the first ten days. At the end of the
study, they found that ME levels did not have a significant
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effect on body weight gain; however, they reported an
increased body weight gain in all periods of production
parallel to the increase in DAA level. For optimal
development of the chick digestive system after hatching,
chicks should be stimulated to consume feed with the size
of appropriate (pelleted) form, nutrients, and digestibility,
as these factors significantly affect performance. In a
study by Tabeidian et al. (2015), it was observed that
feed consumption was increased in chicks fed with a PSF
supplemented with gluten-dextrose. Another study on
broilers by Bidar et al. (2007) examined the effects of PSF
containing three different sodium levels (0.15%, 0.30%,
and 0.45%) fed over different lengths of time (the first 4,
7 and 10 days) on broiler performance. Groups given PSF
for 7 and 10 days during the first 2-weeks period consumed
a higher amount of feed than those given the PSF for 4
days and control feed. In a similar study, Omede and Iji
(2017) examined the effects of a pre-starter diet prepared
in mash and cramble form using processed soy protein
products (PSP) instead of soybean meal in the diet on
broiler performance. They reported that during the first 24
days the birds received cramble feed consumed more than
those of birds on mash, however, this effect was eliminated
at the end of the experiment. It was also noted that PSP
levels (0, 50 and 100 g/kg) used in the diet did not have
a significant effect on feed consumption. Mahdavi et al.
(2017) reported that the use of PSF during the first 10 days
of feeding in broilers did not affect feed consumption. In
another study, the difference in feed consumption between
groups fed with alternative-doped (control+cassava starch,
control+sucrose, control+corn gluten, control+blood
plasma and control+corn gluten flour+sucrose) PSF and a
control feed were not significant (Longo et al., 2007).
Our results suggest that the use of PSF during the first
five days had no significant effects on feed consumption,
supporting the findings of Mahdavi et al. (2017) and
Longo et al. (2007). However, the results obtained in the
present trial were also showed that the chicks on PSF
consumed less amount than those of birds on control feed
during all weeks. The reason for the low feed intake in
the groups fed with PSF for the first 5 days is could be
attributed to that birds could have reached the satiety with
less amount of feed with the diet containing high nutrient
digestibility. Pretorius (2011) suggested the use of highly
digestible energy sources with high-quality protein sources
in PSFs. Tabeidian et al. (2015) found that wetting of PSFs
prepared using casein-dextrose, casein-starch, glutendextrose and gluten-starch with 0.3 L/kg water positively
affected the FCR in all production periods. Besides, it was
determined that feeding of wetted PSF containing caseinstarch improved the FCR.
Ivanovich et al. (2017) investigated effects on broilers
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performance of the PSFs with two different metabolic
energy (ME; 3,000 or 2,900 kcal/kg) and three different
digestible amino acids (DAA; 100%, 107% and 114%)
levels during the first ten days. They reported that at the
end of the study, ME had no significant effect on feed
conversion rate; however, the FCR in the first ten days
was improved with the increase in the DAA level of
ration. Mahdavi et al. (2017) examined the changes in
the performance of broiler chickens fed with PSF in the
first ten days. They reported that the use of PSF improved
FCR but this positive effect disappeared by the end of the
production period. The results of the studies examining the
effects of PSF on the performance in broilers conducted
by Lilburn (1998), Saleh et al. (1997) and Stringhini et al.
(2003) are in agreement with those reported by Ivanovich
et al. (2017) and Mahdavi et al. (2017). In contrast, Longo
et al. (2007) found that the performance of chicks fed
with PSFs prepared using highly digestible carbohydrates
(cassava starch and sucrose) and proteins (corn gluten
and blood plasma) did not significantly change. In similar
studies conducted by Bidar et al. (2007), Ali and Latshawe
(1994) and Junqueira et al. (2003) observed no significant
effects of pre-starter diet on feed efficiency. The results
concerning feed conversion efficiency suggest that highquality chicks had better FCRs than their low-quality
counterparts. This finding could be attributed to better
digestive capacity in high-quality chicks. The results
also suggest that feeding with a pre-starter diet had more
pronounced positive in low-quality chicks. This effect
may relate to the higher digestibility of PSF. Therefore,
especially in low-quality chicks, PSF led to numerically
better FCRs throughout the experiment.
Lamot et al. (2016) reported that deaths occurring
before the 28th day were related to the nutritional
composition of the PSF and particularly, the delay in
the time of the first feed consumption. In another study
conducted in broiler, Cerrate et al. (2008) investigated the
effects of PSFs with different pellet diameters (1.59mm,
2.38mm, 3.17mm and 4.76mm) on broiler performance
and it was found that pellet diameters did not affect
mortality. However, the optimum performance of the
chicks in the first week was seen feeding by feeds with
pellet diameters of 1.59 and 2.38mm because of the small
size of the chick beaks. Mortality in the present study
was seen to be lower in high-quality chicks, as expected.
However, when the feeding groups of the low-quality
chicks were compared, it was found that the mortality rate
of chicks fed with the PSF was numerically higher than
chicks fed with the control feed. Our results concerning
mortality depending on pellet diameters of pre-starter and
starter feeds seem to be compatible for high-quality chicks
with the results of Cerrate et al. (2008). Ivanovich et al.
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(2017) reported from their studies investigating effects
of PSFs having two different metabolizable energy (ME;
3,000 or 2,900 kcal/kg) and three different digestible
amino acids (DAA; 100%, 107% and 114%) levels given
during the first 10 days, found that total carcass weight,
breast muscle weight and thigh weight in the first ten-day
period increased with the increment of digestible amino
acids levels in PSFs given for the first ten days. However,
at the end of the experiment, they found that metabolizable
energy, digestible amino acids and their interaction had no
significant effects on the carcass characteristics such as
carcass yield, thighs, wings and abdominal fat weights.
In another study, feeding with alternative-doped PSF
(control+cassava starch, control+sucrose, control+corn
gluten, control+blood plasma and control+corn gluten
flour+sucrose) for the first 7 days, did not have a significant
effect on carcass quantity and composition (Longo et al.,
2007). Similarly, Mahdavi et al. (2017) reported that
the use of PSF during the first 10 days of feeding did
not affect slaughter weight and carcass characteristics
such as carcass yield, breast, leg and wing weight. The
results of the present study concerning carcass parameters
support the findings of previous studies that examined the
effects of PSF on broiler performance (Saleh et al., 1997;
Rodriqueiro et al., 2000; Bidar et al., 2007; Longo et al.,
2007; Azizi et al., 2011; Ivanovich et al., 2017; Mahdavi
et al., 2017).
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Supplementary Fig. 1. Eye condition (A): Perfect eye,
Score = 30; (B): Clear but matt eye, Score = 15; (C): Low
or matt eye, Score = 15; (D): Fully enclosed eye, Score =
0) and feather color (E: DSM-S 1, Score = 10; F: DSM-S
2, Score = 15; G: DSM-S 3, Score = 15; H: DSM-S 4,
Score = 20).
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Supplementary Fig. 2. Leg structure (A): Perfect leg, Score
= 30; (B): Redness on the leg, Score = 15; (C): Bruising
on the leg, Score = 15) and chick length (D: Short chick
length (less than 19.2 cm), Score = 0; Medium chick length
(between 19.2-19.6 cm), Score = 10; Long chick length
(longer than 19.6 cm), Score = 20).
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Supplementary Table I. Ingredient of the feeds used in
the experiment.

Supplementary Table II. Nutrient compositions of the
feeds used in the experiment.

Ingredients (g/kg)

Starter Grower Finisher

Nutrients (g/kg)

Starter Grower Finisher

Corn

450.70 481.80

536.10

Dry matter

883.10 881.90

880.10

Soybean meal-46

239.70 166.10

96.50

Crude protein

247.30 225.20

199.90

Full-fat soybean

160.70 198.30

210.00

Crude fiber

37.80

36.30

34.90

Wheat Flour-feed grade (46-52)

50.00

70.00

80.00

Ether Extract

56.90

65.70

78.80

Corn Gluten Meal-60

30.10

19.20

15.00

Crude Ash

55.50

50.60

44.40

Sunflower Meal-34

20.00

20.00

25.00

Starch

323.00 351.40

384.00

Meat-Bone Meal-35

20.00

20.00

17.50

Metabolizable energy (Kcal/Kg)

2980

3070

3200

Limestone (Granule)

6.70

5.90

5.50

Lysine

14.50

13.10

11.50

Di-Calcium Phosphate-18

5.00

2.40

-

Metionine

6.90

6.20

5.20

Lysine Sulphate

4.10

3.80

3.60

Metionine + Cystine

11.00

9.90

8.60

Common Salt

2.70

2.50

2.50

Threonine

10.30

9.20

8.00

Toxin Binder

2.00

2.00

1.50

Valine

11.30

10.10

9.20

Liquid Methionine (MHA)

1.80

1.70

1.50

Isoeucine

10.10

9.00

8.20

DL-Methionine

1.50

1.50

1.30

Arginine

15.10

13.60

12.80

L-Threonine

1.10

0.90

0.70

Tryptophan

3.00

2.70

2.50

Leucine

15.90

14.40

12.60

Calcium

8.90

7.90

6.80

Total phosphorus

7.60

7.00

6.30

Available phosphorus

4.50

4.10

3.50

Sodium

1.70

1.60

1.60

Trace Mineral Mixture

1.00

1.00

1.00

Vitamin Mixtureb

1.00

1.00

1.00

Coccidiostat (Maxiban)

0.60

0.60

-

Sodium bicarbonate

0.50

0.50

0.50

Choline

0.50

0.50

0.50

Organic acid (Biacid)

0.30

0.30

0.30
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(a) Each kg of trace mineral mixture contains 100.000 mg Manganese,
80.000 mg Iron, 80.000 mg Zinc, 8.000 mg Copper, 200 mg Cobalt, 1000
mg Iodine, 150 mg selenium (sodium selenite), 500.000 choline chloride.
(b) Each kg of vitamin mixture contains 13.500.000 IU Vitamin A,
4.000.000 IU Vitamin D3, 100.000 mg vitamin E, 5.000 mg Vitamin K3,
3.000 mg Vitamin B1, 8.000 mg Vitamin B2, 60.000 mg Niacin, 18.000
mg Ca-D-Pantotenate, 5.000 mg Vitamin B6, 30 mg Vitamin B12, 2.000
mg Folic Acid, 200 mg D-Biotin ve 100.000 mg Vitamin C.
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