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This study has been carried out to investigate that the effect of different levels of in ovo zinc,
manganese and copper mineral mix injection on the hatchability and some tissue characteristics in
the Japanese quail breeder eggs. In the study a total 400 Japanese quail breeder eggs which have
similar weight have been randomly distributed to four different experimental groups: C as control
non-injected (C), MinMix1 has been injected with 15+15+3 pg Zn-Mn-Cu mineral mix + 0.2 ml
physiological serum per egg, MinMix2 has been injected with 30+30+6 pg Zn-Mn-Cu mineral mix
+ 0.2 ml physiological serum per egg and MinMix3 has been injected with 45+45+9 ug Zn-Mn-Cu
mineral mix + 0.2 ml physiological serum per egg. The effect of treatment on hatchability, hatching
weight and tibia weight, leg, beak and tibia lengths has been found to be unimportant. The yolk sac
weight was lower in the injected groups compared to the control group, whereas the heart and liver
weights, chick and wing lengths have significantly increased with the in ovo mineral mix injection.
The hatching of chicks in the injected groups has started earlier than the control group and the
hatchings of these groups were completed earlier, except for the MinMix3 group. These results
demonstrated that in ovo injection with MinMix2 increased heart and liver weights and chick and
wing lengths while in ovo mineral injection decreased yolk sac.
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Introduction

The rapidly improvement of technology notably
increased production performance of poultry industry and
it has been predicted that this raise will continue in the
future with the developments in the nutrition, genetic,
biology and biotechnology fields. Early feeding strategies
with in ovo which is a new technique, encourages the
obtained sufficient production and continuity of poultry
industry (Noy and Uni, 2010).

In ovo injection method which were started
commercially used in 1992 (Johnston et al., 1997), were
firstly applied against Marek disease on the purpose of
created early immunity on chicks by Sharma and
Burmester (1984). The more commonly used in ovo
injection technique after patenting by Uni and Ferket
(2003), improvement for intestinal and immunity system
development of the embryos in the incubation period.
Thus, improvement of chick quality, livability and
performance in post-hatching has been targeted with in ovo
method (Ferket, 2011). Moreover, injection of nutrients at
embryonic stage is important in order to prevent the

adverse effect of poor maternal nutrition on hatchability
and chick quality (Uni and Ferket, 2004; Abdulgader et al.,
2017). Trace elements like other nutrients have been
suggested as the most effective nutrients for in ovo feeding
technology (Bhanja et al.,2008; Goel et al., 2013; Bhanja
et al., 2014; Bhanja et al., 2015; Goel et al., 2016).

Trace elements takes part in many metabolic functions
as catalyst and enzymatic component, and it’s essential for
growth and development (Swiatkiewicz et al., 2014).
These nutrients are important skeletal development of
embryo (Favero et al., 2013; Torres and Korver, 2018),
maintaining bone health and development of bone (Leach,
1988; Rucker 1988; Olgun and Aygun, 2016). Organic
trace element sources which have higher bioavailability
and no performance adverse effects have been used with
smaller quantities than inorganic mineral sources (sulphate
and oxide) in the poultry diets (Pereira et al., 2018).

Zinc is an essential trace element for growth,
development, immune system functions and reproduction
performance. It is used for several biological activities in
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organism and it is a cofactor of more than 300
metalloenzyme (Jose et al., 2018). It is essential for
osteoblastic activity, collagen synthesis and alkaline
phosphate activity in the bone (Palacios, 2006). At the
same time, although collagen synthesis requires Zn, the
cross-linking of the fibrils in the absence of Cu will not be
decent, which may result in a weak bone construction (Rath
et al., 2000). Manganese has a critic role on leg
development and prevents perosis because it is necessary
for the matrix formation in poultry (Palacios, 2006).
Additionally, it takes part in the many enzyme system of
carbohydrate and lipid metabolism (Olgun, 2017). Copper
is one of the main trace elements for healthy growth and
development of living organisms, and their metabolic
functions (Koztowski et al., 2018). This element is found
to have active parts of many enzymes which is involved in
important metabolic processes (Festa and Thiele, 2011)
such as collagen and elastin production, melanine synthesis
and iron metabolism (Gupta and Lutsenko, 2009). The
main effect of copper on the bone is the incorporated into
structure of the lysyl oxidase which is necessary for cross-
linking between collagen and elastin (Dollwet and
Sorenson, 1988; Beattie and Avenell, 1992).

This study has been carried out to determine effects of
in ovo Zn-Mn-Cu injection into Japanese quail eggs on
hatching parameters and some tissue and organ parameters.

Materials and Methods

Hatching Eggs and Preparing Solutions

This research has been carried out at the hatchery
laboratory, Department of Animal Science, Faculty of
Agriculture, Selcuk University, Konya, Turkey. A total of
400 Japanese quail hatching eggs which have average 12-13
g have been randomly distributed among four experimental
groups. In each experimental group, there have been four
replicates, each with 25 Japanese quail hatching eggs. The
treatment groups consisted of a control group (non-injected)
and three trial groups injected with 15+15+3 (MinMix1),
30+30+6 (MinMix2) and 45+45+9 (MinMix3) pg per egg
of organic Zn-Mn-Cu sources (MakroVit, TURKEY),
respectively. Solutions have been prepared by dissolving
organic mineral with physiological serum containing %0.9
NaCl as have been stated by Oliveira et al. (2015). The
treatment groups have been given in Table 1.

Incubation Management

Eggs have been incubated in the incubator at 37.5°C
temperature and 55-60% relative humidity and the eggs
have been turned 12 times (every two hours) at 90° per day.
The incubator conditions have been changed to 37.2°C
temperature and 75% relative humidity at d 14 of
incubation (1650 quail eggs capacity, Cimuka, TURKEY).

Table 1. Constitute of treatment group

Injection Procedure

After the blunt end of the egg has been disinfected with
the 70% alcohol, a window has been opened with a micro
motor (Strong 210, Korea). The solutions have been
injected (0.20 ml) into the amnion fluid with an automatic
syringe (SOCOREX, 0.1-1 ml). After the injection, the
eggs have been transferred to the hatch baskets after the
window has been sealed with the glue.

Organ Weights and Lengths

After the incubation, 16 chicks from each treatment (4
chicks per subgroups) have been randomly selected,
weighed and, chick, wing, beak and leg lengths have been
measured with a micro meter by adapting to Molenaar et
al. (2008) and chicks have been killed with cervical
dislocation. The yolk sac, heart, liver and tibia have been
removed; they, along with the yolk-free chick body, have
been weighed to the nearest 0.001 g. Organ weights have
been expressed as a percentage of chick body weight and
lengths have been measured as cm and mm.

Statistical Analysis

At the end of the experiment, the variance analyses
have been applied to all variables obtained from the trial
groups (Minitab 2000), and the differences between means
of the groups have been determined by the Tukey multiple
comparison test.

Results and Discussion

In this study, first hatching has started (at 384. h of
incubation) and has been completed (at 405. h of
incubation) in the MinMix1. The latest hatching has started
at 417. h of incubation in the C and MinMix3 groups
(Figure 1). It can be said that the in ovo injection provided
an early start of hatching considering hatching times.

The effect of in ovo Zn-Mn-Cu injection at different
levels into Japanese quail eggs on the hatchability has been
demonstrated at Table 2. Treatments had no significant
effect on hatchability parameters (P>0.05). However, it can
be said that group MinMix3 tends to have been adversely
affected on hatchability of fertile eggs.

The effect of in ovo Zn-Mn-Cu injection at different
levels into Japanese quail eggs on the some tissue and
organ weights has been demonstrated at Table 3.

There have no significant differences among treatment
groups for chick and tibia weights (P>0.05). Yolk sac
weight have decreased with in ovo injection and this
decline has been significant compared to control group
(P<0.01). There have significant differences among
treatment groups in terms of liver weight (P<0.05) and
heart weight (P<0.01). The highest and lowest liver and
heart weights have been obtained in the MinMix1 and
control groups, respectively.

Treatments Treatment Groups
C MinMix1 MinMix2 MinMix3
Total egg 100 100 100 100
Solution (ml) - 0.2 0.2 0.2
Zn (ng/egg) - 15 30 45
Mn (ng/egg) - 15 30 45
Cu (ng/egg) - 3 6 9
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Table 2. Effect of in ovo Zn-Mn-Cu injection on hatchability in Japanese quail eggs

Parameters Treatment Groups
C MinMix1 MinMix2 MinMix3
Number of eggs 100 100 100 100
Fertility, % 90.00+3.46 89.00+3.79 92.00+2.31 86.00+2.58
Hatchability of fertile eggs, % 74.81£7.24 70.06+5.80 73.20+7.58 61.69+6.49
Hatchability of set eggs,% 68.00+9.38 62.00+4.17 71.00+9.58 53.00£5.75

* C: control (non-injected); MinMix1:0.20 ml physiological serum + 15+15+3 pg/egg Zn-Mn-Cu injection; MinMix2: 0.20 ml physiological serum +
30+30+6 pg/egg Zn-Mn-Cu injection; MinMix3: 0.20 ml physiological serum + 45+45+9 p /egg Zn-Mn-Cu injection

Table 3. Effect of in ovo Zn-Mn-Cu injection on some tissue and organ weights in Japanese quail eggs

Parameters Treatment Groups
C MinMix1 MinMix2 MinMix3
Chick weight, g 8.96+0.20 9.12+0.21 9.23+0.16 9.03+0.16
Yolk sac weight, % 11.28+0.568 9.05+0.36" 8.68+0.324 8.99+0.497
Liver weight, % 2.45+0.15° 2.97+0.092 2.62+0.04% 2.63+0.06%
Heart weight, % 0.78+0.028 0.95+0.044 0.90+0.0348 0.85+0.0348
Tibia weight, % 0.63+0.04 0.71+0.06 0.73£0.03 0.74+0.02

* C: control (non-injected); MinMix1:0.20 ml physiological serum + 15+15+3 pg/egg Zn-Mn-Cu injection; MinMix2: 0.20 ml physiological serum +
30+30+6 pg/egg Zn-Mn-Cu injection; MinMix3: 0.20 ml physiological serum + 45+45+9 u /egg Zn-Mn-Cu injection, “®Values bearing different
superscript in rows are statistically different; P<0.01., ®*Values bearing different superscript in rows are statistically different; P<0.05.

Table 4. Effect of in ovo Zn-Mn-Cu injection on some tissue and organ lengths in Japanese quail eggs

Parameters Treatment Groups
C MinMix1 MinMix2 MinMix3
Chick length, cm 11.20+0.15° 11.72+0.072 11.78+0.102 11.57+0.11%®
Leg length, cm 4.65+0.10 4.84+0.05 4.59+0.20 4.64+0.03
Wing length, mm 15.82+1.03° 18.55+0.14% 18.55+0.302 18.20+0.41%
Beak length, mm 4.75+0.09 4.85+0.03 4.49+0.19 4.69+0.04
Tibia length, mm 18.20+0.34 18.74+0.30 19.26+0.08 18.79+0.19

* C: control (non-injected); MinMix1:0.20 ml physiological serum + 15+15+3 pg/egg Zn-Mn-Cu injection; MinMix2:0.20 ml physiological serum +
30+30+6 pg/egg Zn-Mn-Cu injection; MinMix3:0.20 ml physiological serum + 45+45+9 u /egg Zn-Mn-Cu injection, “EValues bearing different
superscript in rows are statistically different; P<0.01., ®Values bearing different superscript in rows are statistically different; P<0.05.

In a study which investigated effect of trace elements
for the above parameters, has been stated that in ovo Mn
injection (20, 40 and 80 ug/egg) has no effect on yolk sac,
liver and heart weights in the quail breeders (Sentiirk et al.,
2018). There are studies which investigated the effect of in
ovo injection of other nutrients into the breeder eggs on
these parameters. In ovo butyric acid (3%) and
carbohydrates mixed solution (0.1, 0.4, 0.7 and 1.0 ml)
injection has significantly affected on yolk sac, liver and
heart weights in the broiler breeders (Salahi et al., 2011a;
Zhai et al., 2011). On the other hand, a study which was
carried out to determine optimum in ovo injection time
(Salahi et al.,, 2011b) has demonstrated that in ovo
containing 0.9% of NaCl solution injection had no affected
on yolk sac, liver and heart weights in the broilers.
Similarly, L- carnitine solution injection into egg has not
affected the yolk sac weight in breeder hens (Zhai et al.,
2008; Keralapurath et al., 2010). Mohamadi et al. (2014)
stated that in ovo sodium nitrite (0.042, 0.084 and 0.168
mg/egg) injection into egg has not affected in terms of liver
and heart weights in the broiler breeders. Chen et al. (2009)
stated that the yolk sac weight has decreased by in ovo
glutamine injection in the duck breeders.

The effect of in ovo Zn-Mn-Cu injection at different
levels into Japanese quail eggs on the some tissue and
organ lengths has been demonstrated at Table 4.

There have no significant differences among treatment
groups for chick leg, beak and tibia lengths (P>0.05).
However, there have been found considerable differences
between the treatment groups in terms of chick and wing
length (P>0.05). The highest chick length has been
obtained in MinMix2 whereas the highest wing length has
been obtained in MinMix1 and MinMix2 groups. Studies
are limited that investigated effects of in ovo mineral mix
injection on some tissue and organ lengths in poultry.
Oliveira et al. (2015) demonstrated that in ovo Zn-Mn-Cu
mineral mix (0.181-0.087-0.010 and 0.544-0.260-0.30
mg/ml) injection has not affected dried tibia weight, tibia
length and width, tibia weight-length ratio, mineral content
of liver and bone strength parameters in the broiler
breeders. Sentiirk et al. (2018) Mn (20, 40 and 80 pg/egg)
injection into egg has adversely affected on chick and leg
length, and has positively affected beak length of the quail
breeders. There are studies which investigated the effects
of in ovo injection in egg of other nutrients on these
parameters. Salahi et al. (2011a); Salahi et al., (2011b)
stated that in ovo butyric acid (3%) and containing 0.9% of
NaCl solution injection has increased chick length in the
broiler breeders.

In conclusion, MinMix3 has tended to have a negative
effect on hatchability parameters. Some organ or tissue
weights or lengths were found to have been improved by
MinMix1 injection.
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Figure 1. Effect of in ovo Zn-Mn-Cu injection on hatching
times in Japanese quail eggs
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