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INTRODUCTION

Day-old ducklings are the hatchery’s final product and 
an important source of starting material for poultry 

farms. As a result, a high-quality day-old chick is an 
important link between the hatchery and the farm. On 

the other hand, it has been found that good hatchability 
is not always associated to the highest post-hatch quality 
and growth of the chick, and that maximum hatchability 
is not always linked to the highest post-hatch quality 
and development (Decuypere and Bruggeman, 2007). 
Hatchability with many high-quality and saleable chicks 
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SV solution for compared with other groups. The eggs which dipped at 24 d of time dipping recorded the best values 
for hatchability and embryonic mortalities % being the highest and the lowest, respectively as in compared to other 
experimental groups. Furthermore. There was no treatment × time interactions for the absolute and relative weights of 
duckling, liver and yolk sac, leg length, relative leg length, and yolk free body weight. However, such interactions were 
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ratio produced from eggs dipped in nutritive solution were recorded at 17 and 31 d of embryonic ages, respectively. 
According to the results, it can be concluded that in-ovo dipping in 0.15% of SV solution, especially on day 24th 
of incubation has a positive effect on the hatchability%, embryonic mortality as well as quality of internal eggs and 
hatched duckling.
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is one of the most important indexes in poultry industry 
(Decuypere and Bruggeman, 2007). The improvement of 
duck eggs hatchability is an important and critical input for 
lower the price of hatched ducklings at one day of age. The 
quality of the day-old chick has a significant impact on the 
poultry’s growth performance (El-Kholy et al., 2018; 2020; 
2021). Tona or Pascar score and day-old chick weight are 
commonly used for measuring chick quality (Tona et al., 
2005). Chick weight is the most widely used indicator for 
day-old duckling quality assessment (Kleczek et al., 2007). 
However, a better yolk uptake and a smaller yolk residue is 
an indicator of high-quality ducklings (Tona et al., 2005). 

Nutrient deficiencies hinder the proper development of 
embryos, reduce hatchability, and increase embryonic death, 
in addition to causing disorders of the musculoskeletal 
system, immune system and cardiovascular system (Uni et 
al., 2012). The technique  of early feeding of embryos by 
providing the incubated eggs with nutrients to support the 
fetus in the formation of body tissues and mitigate the stress 
during the hatching process (Ohta and Ishabish, 2001; El-
Kholy et al., 2021). The nutrients in the egg determine the 
weight of the duckling at birth, body size and hatchability. 
Therefore, there are different methods used to improve the 
hatchability such as dipping eggs in nutrients during the 
incubation period (Abd El-Hack et al., 2019). Dipping 
eggs during the incubation period known as an in-ovo 
feeding method. Dipping eggs into nutritive solutions 
during the incubation period are considered the easiest 
method used to supply embryos with exogenous nutrient 
solutions (Ghonim et al., 2009; Al-Asadi and Ibrahim, 
2020). In-ovo feeding is majorly a strategic nutritional 
intervention (El-Kholy et al., 2021). Shafey et al. (2012) 
and Tag El-Din et al. (2018) found that an in-ovo feeding 
embryos with nutrient solutions had improved hatchability 
percentage, and duckling’s quality at hatch. Chick weight 
and shank length at hatch has great importance in poultry 
production for a good start of the chick and for the post 
hatch production performance (Gambo et al., 2014; 
Zhaoxiang et al., 2020).

Sugarcane vinegar (SV) is produced by alcoholic 
fermentation and ethanoic acid fermentation of sugarcane 
juice (Zheng et al., 2016). Literature has shown that 
total organic acids (He et al., 2017) and total polyphenol 
content (Chen et al., 2015) in sugarcane vinegar are 3.65% 
and 132.08 μg/mL, respectively. Acetic acid is the most 
common organic acid found in sugarcane vinegar. Oxalic, 
tartaric, acetic, and succinic acids are among the numerous 
organic acids found in vinegar (Chen et al., 2015). Ten 
major phenolic compounds such as caffeic acid, chlorogenic 
acid, cinnamic acid, p-coumaric acid, ferulic acid, apigenin, 
coumarin, kaempferol, luteolin, and vanillin have been 
detected in sugarcane vinegar-based beverages (He et 
al., 2017). Previous results showed that vinegar has more 

antioxidant properties than ascorbic acid and gallic acid 
(Zheng et al., 2016; Lin et al., 2017). The European Union 
allowed the use of organic acids in poultry production 
because these are generally considered a weak acids and 
safe (Adil et al., 2010). It’s a cheaper cost of the organic 
acid which used successfully in widespread medicine as 
sanitizer, antimicrobial, alleviating the effects of high 
environmental temperatures and reducing the stress of the 
chick looks during hatching.

Nowadays, information about the effects of in-ovo feeding 
by SV solution during the incubation period for duck eggs 
is lacking. Therefore, the objective of the current research 
was designed to study the appropriate embryonic age for 
dipping the fertile Sudani duck eggs and the optimum 
level of SV solution concentrate used to dip the eggs on 
hatchability percentage and hatched duckling’s quality.

MATERIALS AND METHODS

The current study was conducted at El-Serw Waterfowls 
Research Station, Animal Production Research Institute, 
Agricultural Research Center, Damietta, Egypt, in 
collaboration with Faculty of Agriculture, Damietta 
University, Egypt.

EThical approval
This research was carried out in accordance with the 
Animal Care and Use Committee guidelines of the 
Damietta University, Damietta, Egypt (Approval number: 
03/2018/du.edu). The hatching eggs and the ducklings in 
the experiment were provided proper care and management 
without unnecessary discomfort.

prEparaTion of Sugar canE vinEgar SoluTionS 
The sugar cane vinegar 5% concentrate was purchased 
from a local company, Egypt. It was considered as a stock 
solution in this experiment. The solutions were freshly 
prepared using distilled water. 10, 20 and 30 mL from the 
previous solution were diluted with 990, 980 and 970 mL 
of distilled water to prepare 0.05, 0.10 and 0.15% of SV 
solutions, respectively.

ExpErimEnTal procEDurES
A total number of 1560 fertile Sudani duck (Egyptian 
Muscovy; is a native bird of Egypt) eggs were weighted 
around 64±1g and distributed according to randomized 
block experimental design in a (5 × 4) factorial arrangement, 
consisting of five different SV solution concentrates; the 1st 
group without any treatment and served as a control (C), 
the 2nd group was dipped into distilled water as a vehicle 
or positive control (SV1). The 3rd group (SV2), the 4th 
group (SV3) and the 5th (SV4) group were dipped in 0.05, 
0.10 and 0.15% of SV solutions, respectively, at four time 
of eggs dipping “embryonic ages” at the day 10th (T10), 
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day 17th (T17), day 24th (T24) and day 31st of incubation 
(T31) totaling ten groups with three replicates of (34 
eggs of each). The eggs put in perforated plastic baskets 
and submerged in a larger metal container in which the 
prepared liquid, which has a temperature of 35°C. Egg 
dipping time was 3 minutes at a temperature of 35 oC 
according to Meir and Ar (1984). After applications, eggs 
were dried at  incubation hall in 30°C for 15 minutes. 

Egg trays were randomly distributed in Econom incubator 
system multi-stage at 37.4ºC and 62-64% relative 
humidity. Eggs had been turned   automatically every 1 h 
until they transferred to the hatching compartment at the 
31st day of incubation. At 31st day of incubation the eggs 
were transferred to the hatcher which kept at 36.9 ºC and 
76-78 % relative humidity until the end of hatching period. 
After the end of incubation, all the hatched ducklings were 
removed from each hatch basket and counted. Un-hatched 
eggs were examined the embryonic mortality and the 
hatchability of fertile eggs were calculated.

DucKling qualiTy aSSESSmEnT
Fifteen ducklings from each treatment were selected at 
random to individually weight to the nearest 0.1g and 
stretched along a ruler to measure length (cm) both the 
hatched duckling and right leg according to Lourens et 
al. (2006), then relative leg length (leg length × 100 / 
hatched duckling length ratio) value was calculated. The 
duckling body weight/ hatched duckling length ratio were 
calculated. 

The ducklings were examined to identify the different 
characteristics that can be associated with quality duckling 
using Tona scoring system (Tona et al., 2003). According to 
this method, physical parameters including activity, down 
and appearance, eyes, conformation of legs, navel area, yolk 
sac, and remaining membranes and yolk were scored. The 
quality score for every duckling was defined as the sum of 
the scores assigned to all quality parameters. 

A healthy duckling (saleable) was defined as being robust, 
clean, dry, and free from deformities (normal conformation 
of body), completely sealed navel, and no yolk sac or 
residual membrane protruding from the navel area (Tona 
et al., 2003). Percentage of healthy ducklings was calculated 
as the percentage of healthy duckling’s quality to total 
hatched ducklings.

STaTiSTical analySiS
Data obtained were statistically analyzed using two-way 
analysis of using the General linear Model procedure of 
SAS (2012) as following model:
 

Yijk = μ + SVi + Tj + (SV × T)ij + eijk (Starting model)

Where; 
Yijk = observed traits; μ = the overall mean; SVi = Sugar can 
vinegar solution concentrate effect (j =1, 2, 3, 4 and 5); Tj 
= Time of eggs dipping effect (i =1, 2, 3 and 4); (SV × T)ij 
= Interaction effect between SV solution concentrates and 
time;  Eijk = experimental random error. 

The Duncan’s new multiple range test was used to assess 
differences between treatment groups. The mean was used 
to express all of the findings (±SEM). At P<0.05, the 
statistical significance was recognized.

RESULTS AND DISCUSSION

haTching pErformancE
Table 1 shows the data concerning the average of hatchability 
percentages and embryonic mortalities percentages, 
hatching weight, relative weight (%) and Tona score (%) 
due to dipping duck eggs with different concentrations 
of SV solutions at different time. There were significant 
(P<0.05) differences observed among the experimental 
groups about total hatchability, embryonic mortality 
and relative weight. The highest and lowest values of 
hatchability % and embryonic mortalities % were recorded 
for eggs dipped with 0.15% of SV solution for compared 
with other groups. It is interesting to note that dipped 
eggs with different concentrations of SV solution neither 
improved duckling hatching weight % or Tona score %.

Regrading to time of eggs dipping, Table 1 also shows that 
there were significant (P<0.05) differences observed among 
the experimental groups regarding hatchability percentages 
and embryonic mortalities percentages, hatching weight 
and relative weight (%). However, there were no significant 
(P>0.05) differences among the experimental groups for 
Tona score (%). It is interested to notice that the group 
which eggs were dipped at 24 d of embryonic age recorded 
the best values for hatchability and embryonic mortalities 
% being the highest and the lowest, respectively as in 
compared to other experimental groups.

There were marked effects on several duckling quality traits 
attributable to the SV treatment (Table 3). It is appeared 
that average of leg duckling length had ranged from 4.48 
to 4.94 cm, where the highest leg duckling length recorded 
for ducklings hatched from eggs dipped in 0.15% of SV 
solution in compared with other experimental groups. 
On the other hand, there were insignificant differences 
observed among groups with respect to the duckling’s 
quality traits including hatched duckling length, relative 
leg length and duckling body weight/duckling length ratio.

Regrading to time of eggs dipping, Table 1 also shows that 
there were significant (P<0.05) differences observed
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Table 1: Effect of dipping fertile duck eggs into sugar can vinegar solution concentrates at different embryonic ages on 
hatchability traits and duckling quality.
Items Hatchability (%) Embryonic mortality (%) Hatching weight (g) Relative weight (%) Tona score (%)
Overall mean 64.74 36.27 41.22 65.34 91.72
Sugar can vinegar solution concentrate effect
C 58.56c 41.15a 40.36 63.69b 91.60
SV1 66.41b 33.59b 40.93 65.91a 93.90
SV2 60.24c 39.76a 41.50 65.87a 92.10
SV3 67.53b 32.47b 40.72 65.31ab 88.20
SV4 70.67a 29.34c 42.58 65.91a 92.80
SEM 0.76 0.75 0.87 0.64 2.45
Sig. ** ** NS ** NS
Embryonic age effect
EA10 61.04c 38.96b 42.44a 66.15a 91.68
EA17 68.06b 31.94c 39.03b 67.50a 89.84
EA24 75.97a 24.03d 40.13b 63.89b 93.36
EA31 53.89d 46.11a 43.26a 63.81b 92.00
MSE 0.67 0.67 0.78 0.58 2.19
Sig. ** ** ** ** NS

 a, b and c: means in the same column and effect bearing different superscripts are significantly different (P≤0.05). SEM: standard 
error mean; NS: non-significant; *: P≤0.05; **: P≤0.01

Table 2: Effect of dipping fertile duck eggs into sugar cane vinegar solution concentrates at different embryonic ages on 
hatched duckling length, leg length, and relative leg length and duckling body weight: duckling length ratio.
Items Hatched duckling length (cm) Leg length (cm) Relative leg length (%) Body weight / duckling length
Over all mean 22.30 4.77 23.18 2.02
Sugar can vinegar solution concentrate effect
C 19.86 4.58b 23.04 2.03
SV1 30.51 4.93a 22.55 1.91
SV2 20.33 4.80a 23.55 2.05
SV3 20.13 4.62b 22.89 2.03
SV4 20.67 4.94a 23.85 2.06
SEM 4.36 0.06 0.55 0.06
Sig. NS ** NS NS
Embryonic age effect
EA10 20.64 4.94a 23.89 2.06ab

EA17 28.54 5.07a 23.51 1.38c

EA24 20.06 4.58b 22.84 2.00b

EA31 19.94 4.48b 22.46 2.17a

MSE 3.90 0.06 0.49 0.05
Sig. NS ** NS **

a, b and c: means in the same column and effect bearing different superscripts are significantly different (P≤0.05). SEM= standard 
error mean; NS: non-significant; *: P≤0.05; **: P≤0.01

among the experimental groups regarding leg length, and 
duckling body weight/duckling length ratio. However, 
there were no significant (P>0.05) differences among the 
experimental groups for hatched duckling length and 
relative leg length. The highest values of leg length and 
duckling body weight/duckling length ratio produced 
from eggs dipped in nutritive solution were recorded at 
17th and 31st d of embryonic ages, respectively.

Data of duckling yolk sac weight, relative yolk sac, yolk free 
body mass, liver weight and relative liver weight at hatch are 
presented in Table 3. The lowest values of these parameters 
were recorded in eggs dipped in 0.15% of sugar cane 
vinegar solution in compared to other experimental groups.

Regrading to time of eggs dipping, Table 3 also shows 
that there were significant (P<0.05) differences observed
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Table 3: Effect of dipping fertile duck eggs into sugar can vinegar solution concentrates at different embryonic ages on 
duckling yolk sac weight, relative yolk sac, yolk free body mass, liver weight and relative liver weight at hatch.
Items Yolk Sac weight (g) Relative Yolk Sac (%) Yolk free body mass (g) Liver weight (g) Relative liver weight (%)
Overall mean 2.68 6.45 38.54 1.23 3.00
Sugar can vinegar solution concentrate effect
C 3.14a 7.74a 37.23b 1.23 3.07
SV1 2.68ab 6.41ab 38.25ab 1.25 3.09
SV2 2.56ab 6.14ab 38.94ab 1.21 2.93
SV3 2.68ab 6.53ab 38.05ab 1.25 3.10
SV4 2.34b 5.45b 40.25a 1.19 2.82
SEM 0.23 0.55 0.84 0.04 0.12
Sig. ** ** ** NS NS
Embryonic age effect
EA10 3.29a 7.77a 39.15a 1.15b 2.72b

EA17 2.34b 6.01bc 36.70b 1.33a 3.42a

EA24 1.99b 5.01c 38.14ab 1.29a 3.23a

EA31 3.07a 7.02ab 40.18a 1.14b 2.64b

MSE 0.21 0.49 0.75 0.04 0.11
Sig. ** ** ** ** **

a, b and c: means in the same column and effect bearing different superscripts are significantly different (P≤0.05). SEM: standard 
error mean; NS: non-significant; *: P≤0.05; **: P≤0.01

among the experimental groups regarding duckling yolk sac 
weight, relative yolk sac, yolk free body mass, liver weight 
and relative liver weight at hatch. The lowest values for 
absolute and relative weights of yolk sac and liver produced 
from eggs dipped in nutritive solution were recorded at 
24th and 31st d of time of eggs dipping, respectively.
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Figure 1: Treatment ×time of eggs dipping interaction 
means (± SEM) for embryonic mortality. ab Means within 
times with unlike letters differ (P<0.05)

TrEaTmEnT by TimE of EggS Dipping EffEcTS
Concerning of embryonic mortality was significantly 
affected by the treatment by time of eggs dipping 
interaction. The minimum embryonic mortality was 
observed (P<0.05) on T24 when embryonic mortality % 
was 13.89±1.50 in the SV4-group; 15.28±1.50 in the SV3-
group; 22.92±1.50 in the SV2-group; 27.78±1.50 in the 
SV1-group versus 40.28±1.50 in the C-group (P<0.05) 
(Figure 1). There was no treatment × time interactions for 
the absolute and relative weights of duckling, liver and 

yolk sac, leg length, relative leg length, and yolk free body 
weight. However, such interactions were significant for 
hatchability and Tona Score (Figures 2 and 3). Ducklings 
hatched from SV4, SV3 and SV2 had significantly higher 
hatchability percentage on T24, T17 and T10 compared to 
T30, while these increases in SV1 ducklings were on T17 
compared to other experimental time of egg’s dipping.
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Figure 2: Treatment × time of eggs dipping interaction 
means (± SEM) for hatchability %. ab Means within times 
with unlike letters differ (P<0.05).

Concerning of Tona Score was significantly affected by 
the treatment by time of eggs dipping interaction. The 
maximum Tona Score was observed (P<0.05) on T24 
when Tona Score % was 99.00±4.89 in the SV3-group; 
97.20±4.89 in the SV4-group; 92.80±4.89 in the SV2-
group; 86.80±4.89 in the SV1-group versus 88.00±4.89 in 
the C-group (P<0.05) (Figure 3).
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Figure 3: Treatment × time of eggs dipping interaction 
means (± SEM) for Tona score. abMeans within times with 
unlike letters differ (P<0.05).

During the incubation stage, duck eggs lose more than 
chicken eggs, either due to low fertility or low hatchability 
(Abd El-Hack et al., 2019). Ducks, overall, have a short 
breeding season and lay a small number of eggs. As a result, 
it’s critical to keep these losses to a minimum to maximize 
the number of ducklings produced with the limited 
number of eggs available. On the other hand, the level of 
short-chain fatty acids in duck’s caecum and intestine are 
very low at early period of life. Dipping eggs into nutritive 
solutions as in - ovo is new feeding strategy during the 
incubation period to supply embryos with exogenous 
nutrient solutions (Ghonim et al., 2009; Tag El-Din et al. 
2018; Al-Asadi and Ibrahim, 2020).

In current study, improvement of hatchability % and 
reduction of duckling’s embryos mortality in SV dipping 
treatments, may be because the process of SV dipping is an 
early feeding process, provides the embryo energy, organic 
acids as a direct source of energy for intestinal cells (Blank 
et al., 1999). Acetic acid (the most common organic acid 
found in SV) is also an intermediate component in cellular 
metabolism, where it is converted to Acetyl Co-enzyme 
A, which is then used in the Kreb’s Cycle to produce 
energy ATP (Lehninger et al., 2012; Edan, 2018). On 
the other hand, the contents of short-chain fatty acids in 
SV (Chinnici et al., 2009) may be make up deficiency of 
short-chain fatty acids at early life of ducklings. Applegate 
(2002) demonstrated that providing embryos with energy 
by in-ovo during incubation increases hatching, because 
hatching is a stressful process for the embryo, and it 
requires more energy to complete it. Another study by Uni 
et al. (2017) demonstrated that in ovo with food solutions 
boosted hatching rates, because the embryo in the final 
period of embryonic development practically depletes the 
stored glycogen in the liver upon hatching, the body to get 
extra energy to pip the eggshell and exit when hatching. 
It’s possible that the role of acetic acid in facilitating the 
process of breaking the shell during hatching through 
its interaction with calcium carbonate, which leads to 

a lack of calcification of the crust and weak cohesion, 
facilitating the process of breaking the shell, is the reason 
for the superiority of acid injection treatments in terms 
of hatching rate (Uni et al., 2017). Also, hatchability in 
the present study may be improved due to decreasing the 
embryonic mortality, where SV may be considered as an 
anti-stress agent. Sugarcane vinegar contains polyphenols 
and flavonoids compounds that act as strong antioxidants 
for reducing oxidative stress (Li et al., 2020).

These results were agreed with Ghonim et al. (2009), 
Yassein and Beamish (2014) and Al-Hamed and AL-
Eshaki (2019). On the other hand, Al-Asadi and Ibrahim 
(2020) showed that the application of immersion did not 
affect embryonic mortality.

Interestingly, these results were significant at 24th d of 
eggs dipping in either 0.10 or 0.15% of SV solutions. This 
may be due to the increased stress at late of embryonic 
age which may have increased the biological requirements 
from beneficial components of SV solutions. The marked 
changes observed in percentages of hatchability and 
embryonic mortality reflected the ability of SV to mitigate 
the harmful effects of incubation stress, facilitating more 
healthy duckling.

The embryo’s development and growth throughout 
the incubation phase is entirely dependent on the egg 
components (albumin, yolk and eggshell). In this study, a 
significant decrease in the yolk sac and increase of yolk free 
body mass were observed at SV treated eggs especially at 
day 24th and 31st of dipping time, respectively (Table 2). 
The same trend was found in the chicks after hatch which 
reflect the beneficial effects of organic acids on protein 
utilization (Yang et al., 2008; Pirgozliev et al., 2008). Yolk 
residual relative weights from the same treatments were 
lower than control group. Our results agreed with those of 
Rouzbeh et al. (2016) and Fouad et al. (2019).

It was noted from Table 3 that the relative body weight 
of hatched ducklings was improved by dipping eggs in 
the Acetic acid from which it was hatched, the dipping 
SV treatments for at the highest levels were significantly 
higher (P≤0.05) in this characteristic compared to control 
treatment. The current study also noted that the body 
length of the hatched chicks was significantly higher 
(P≤0.01) in the SV dipping eggs compared to control one.

Our results showed an improvement in the internal duck’s 
egg quality, also the weight of the ducklings at hatch was 
significantly higher for eggs treated with SV (Tables 2 and 
3). These improvements may be due to the enhancement 
health status of embryos, because of treatment with natural 
SV solution. Kirchgessner and Roth (1988) reported 
that acidification with various weak organic acids such 
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as vinegar improve digestibility of protein and of P, Ca, 
Mg and Zn and acts as substrates in the intermediary 
metabolism and reduces the colonization of pathogens 
and the production of toxic metabolites. An organic 
acid such as acetic acid has been used in diets because of 
their positive effect on health and bird growth. The use 
of organic acids has become more acceptable as in ovo. 
Immersion treatments resulted in an increase weight of 
chicks and the ratio of the chick’s weight to egg weight, 
this increase may be due to the sugarcane vinegar contain 
acetic acid (used in the Kreb’s Cycle to produce energy 
ATP) that increase accumulation of glycogen in the liver 
and muscles before hatching (Kornasio et al., 2011), or to 
stimulate the evolution and division of satellite cells. 

The lowest and highest values of absolute and relative 
weights of yock sac and ducklings and leg length, 
respectively, were recorded in eggs dipped in 0.15% of 
sugar cane vinegar solution (SV4). These results are in 
agreement of the findings of Al-Azzawi et al. (2018). 
Apart from lowering the pH of the intestines, acetic acid 
also stimulates and activates the pancreas, as well as the 
production of digestive enzymes, allowing more nutrients 
from the yolk sac to be absorbed (which weighs less) and 
aids the development of embryo‘s organs (Salahi et al., 
2011), this is consistent with Lourens et al. (2006) who 
confirmed that there is a high correlation between the 
length of day-old hatched chick with its zero yolk mass 
and the negative correlation between the residual yolk 
and its yolk-free mass. So, the consumption of yolks early 
may be gives better results to the ducklings because the 
remaining yolk contains all the nutrients of fat, amino 
acids, vitamins, and minerals needed by the embryo for its 
growth and development.

The improvement in the characteristics of the ducklings, 
which represents in increased tona score and relative weigh 
in acid dipping eggs treatments may be related to acetic 
acid’s influence on embryos, which improves her gut’s 
growth, development, and activity while also promoting 
nutrients uptake from the yolk sac, Uni and Smith (2017) 
indicated that chicks embryos have the ability to digest 
and absorb nutrients before hatching but the intestinal 
function begins only at the time the embryo intake the 
fluid that surrounds it through the mouth at the age of 17-
19 days of incubation, so the growth of intestinal tissue, 
maturation and metabolism become of great importance 
in the recent period on the growth and development of 
the embryo, the feeding of embryos. In ovo feeding (IOF) 
with acetic acid in the amniotic fluid during this period 
will be absorbed by the enterocytes and will be a direct 
source of energy for these cells (Scheppach et al., 1995).

Among the reasons that led to an increase in chick 
length and leg length in SV dipping groups are the 

increase in the formation of nutrients during the period 
of embryonic development and benefit from them that 
are carried in the cane solution. Where studies showed 
a positive relationship between the chick’s length and 
productive performance (Michalczuk et al., 2011). Due 
to the presence of the residual non-absorbed yolk that is 
calculated with chick weight, chick length is a stronger 
indicator of future performance than chick weight 
(Mukhtar et al., 2013; Patbandha et al., 2017). These 
results were consistent with what Fouad et al. (2019) and 
Al-Asadi and Ibrahim (2020) who observed significantly 
increased chick length by using in ovo either by injection 
or dipping with nutrients solutions. The reason for leg 
length may be due to the cane solution containing a high 
amount of minerals and trace elements such as calcium, 
phosphorus, manganese, zinc, and iron (> 9 mg/kg) (Xiong 
et al., 2014), it was confirmed by the results obtained by 
Salary et al. (2017), who concluded that injecting different 
levels of calcium enabled them to accelerate the growth, 
maturity, and development of bone cells.

CONCLUSIONS AND 
RECOMMENDATIONS

As found in current results. the in ovo feeding by dipping 
duck’s eggs especially at 24th day of embryonic age 
could be contributed to the decrease of stress resulting 
from metabolic heat during the late period of hatching. 
Therefore, in- ovo by SV may be useful for the vitality of 
the embryos during the incubation period and enhance 
day-old duckling quality.
 
NOVELTY STATEMENT

We found that in ovo feeding by dipping duck’s eggs in 
1.15% SV especially at 24th day of embryonic age could be 
contributed to the decrease of stress resulting from met-
abolic heat during the late period of hatching. Therefore, 
the in ovo dipping of 1.15% SV of sugarcane vinegar solu-
tion into the duck’s eggs during the last days of incubation 
may have a positive effect on the hatchability%, embryonic 
mortality as well as quality of internal eggs and day-old 
duckling

AUTHOR’S CONTRIBUTION

KHE, THT, SNS and AME developed the concept of the 
manuscript. All authors checked and confirmed the final 
revised manuscript.

conflicT of inTErEST
The authors have declared no conflict of interest.



Advances in Animal and Veterinary Sciences

April 2022 | Volume 10 | Issue 4 | Page 926

REFERENCES

Abd El-Hack M. E.,. Hurtado C.B, Toro D.M, Alagawany 
M, Abdelfattah EM, and Elnesr SS (2019). Fertility and 
hatchability in duck eggs. World’s Poult. Sci. J., 75: 599-608. 
https://doi.org/10.1017/S0043933919000060  

Adil S, Banday T, Bhat GA, Mir MS, and Rehman M (2010). 
Effect of dietary supplementation of organic acids on 
performance, intestinal histomorphology, and serum 
biochemistry of broiler chicken. Vet. Med. Int., Article ID 
479485, pp. 7. https://doi.org/10.4061/2010/479485

Al-Asadi KJ, and Ibrahim BM (2020). Effect of the use of 
immersion and injection methods for egg hatching of broiler 
breeders in the aquatic extracts of some plant seeds as early 
feeding. Plant Arch., 20: 2187-2195. 

Al-Azzawi AM, Jasim MS, Al-Azzawi AK (2018). Effect of in 
ovo injection of acetic acid on hatching characteristics and 
production performance of broiler chickens. Diyala J. Agric. 
Sci., 10: 265-279.

Al-Hamed AMY, Ali-Eshaki AMN (2019). The effect of 
immersion and spray of hatching eggs with vitamin c in 
hatchability and productive performance of quail progeny. 
Mesopotamia J. Agric., 74: 25-36. https://doi.org/10.33899/
magrj.2019.126193.1010

Applegate TJ (2002). Reproductive maturity of turkey hens: 
egg composition, embryonic growth, and hatchability 
transition. Avian Poult. Biol. Rev., 13(1): 31-41. https://doi.
org/10.3184/147020602783698458

Blank R, Mosenthin R, Sauer Wc, Huang S (1999). Effect of 
fumaric acid and dietary buffering capacity on heal and fecal 
amino acid digestibilities in early weaned pigs. J. Anim. Sci., 
77: 2974-2984. https://doi.org/10.2527/1999.77112974x

Chen GL, Zheng FJ, Li ZC, Sun J, Lin B and Li YR (2015). 
Production and characteristics of high-quality vinegar 
from sugarcane juice. Sugar Tech., 17: 89-93. https://doi.
org/10.1007/s12355-014-0352-z

Chinnici F, Guerreo ED, Sonni F, Natali N, Maren RN and 
Ripon C (2009). Gas chromatography-mass spectrometry 
(GC–MS) characterization of volatile compounds in quality 
vinegars with protected Europ. Geographic. Indicat. J. Agric. 
Food Chem., 57: 4784–4792. https://doi.org/10.1021/
jf804005w

Decuypere E, Bruggeman V (2007). The endocrine interface 
of environmental and egg factors affecting chick quality. 
Symposia: Managing the embryo for performance. Poult. 
Sci., 86: 1037-1042. https://doi.org/10.1093/ps/86.5.1037

Edan R (2018). Glycolysis, Krebs cycle, and other Energy 
Releasing Pathways. Available from: http://www.uobabylon.
edu.iq/uobColeges/ad_ downloads/4_21336_963.pdf

El-Kholy KH., Gad HA, Atef M, Reham AM Ali, Mervat 
N Ghazal (2018). Physiological and immunological 
performance of Domyati ducklings fed different levels of 
coconut oil. Egypt. Poult. Sci. 38: 847-860. https://dx.doi.
org/10.21608/EPSJ.2018.17108

El-Kholy KH, Doaa MA, Sarhan, and Eman A El-Said EA 
(2021). Effect of in-ovo injection of herbal extracts on 
post-hatch performance, immunological, and physiological 
responses of broiler chickens. J. World Poult. Res., 11(2): 
183-192. https://doi.org/10.36380/jwpr.2021.22

El-Kholy KH, Samar M Rakha, and Tag El-Din HT (2020). 
Physical performance of broiler chickens affected by dietary 
biological additives. J. World Poult. Res., 10: 443-450. 
https://doi.org/10.36380/jwpr.2020.51

Fouad W, Abdelfattah MG, Abdelnabi MA (2019). Effect of 
spraying hatching eggs by different levels of vinegar on 
embryological development, hatchability and physiological 
performance of Dandarwi chicks.   Egypt. Poult. Sci., 39(I): 
291-309. https://doi.org/10.21608/epsj.2019.29843

Gambo D, Ojoh Momoh M, Dim N, Kosshak AS (2014). Body 
parameters and prediction of body weight from linear body 
measurements in Coturnix quail. Livest. Res. Rural Dev., 26: 
98–110.

Ghonim, AIA, Awad ALA,. Fattouh MHA, El-Suhhat AM, Ali 
K (2009). Effect of Muscovy duck by ascorbic acid solutions 
during incubation period on hatchability traits. Egypt. 
Poult., 28: 282-293.

He J, Lao SB, Lin B, Zheng FJ, Chen GL (2017). Simultaneous 
determination of 11 phenolic compounds in apple vinegar 
and sugarcane vinegar by HPLC-DAD. Sci. Technol. Food 
Indust., 38: 210-213. https://doi.org/10.5194/aab-50-204-
2007

Kirchgessner, M, Roth FX (1988). Ergotrope effekte durch 
organische sauren in der fekelaufzucht und schweinemast. 
Ubersichten zur tiererenährung 16: 93-108. (Cited at Fouad 
et al., 2019).

Kleczek K, Wilkiewicz-Wawro E, Wawro K, Makowski W 
(2007). Effect of body weights of day-old Muscovy ducklings 
on growths and carcass traits. Arch. Tierz., Dummerstorf., 
50: 204-213.

Kornasio R, Halevy O, Kedar O, Uni Z (2011). Effect of in 
ovo feeding and its interaction with timing of first feed on 
glycogen reserves, muscle growth, and body weight. Poult. 
Sci., 90: 1467–1477. http://refhub.elsevier.com/S0032-
5791(20)30726-4/sref31, https://doi.org/10.3382/ps.2010-
01080

Lehninger AL, Nelson DL, Michael MC (2012). Principles of 
biochemistry. 6th  ed. USA.

Li Z, Chen G, Zheng F, Sun J, Lin B, Fang X (2020). Effect of 
sugarcane vinegar on lipid metabolism and redox state of 
mice fed high-fat diet. Food Sci., 41: 86-90.

Lin B, Zheng FJ, Fang XC, Sun J, Chen GL (2017). The 
extraction of polyphenol oxidase from sugarcane juice. Food 
Res. Dev., 38(9): 46-49.

Lourens A, Molenaar R, Brand HVD, Heetkamp MJW, 
Meijerhof ’’ R, Kemp B (2006). Effect of egg size on 
heat production and the transition of energy from egg to 
hatchling. Poult Sci., 85: 770-776. https://doi.org/10.1093/
ps/85.4.770

Meir M, Ar A (1948). Preincubation dipping of Turkey eggs  
does it affect eggshell conductance? Poult. Sci., 63: 2475-
2478. https://doi.org/10.3382/ps.0632475

Michalczuk M, Stepinska M, Lukasiewicz M (2011). Effect 
of the initial body weight of Ross 308 chicken broilers on 
the rate of growth. Annals of Warsaw University of Life 
Sciences. SGGW Anim. Sci., 49: 121-125.

Mukhtar N, Khan SH, Anjum M (2013). Hatchling length is 
a potential chick quality parameter in meat type chickens. 
World’s Poult. Sci. J., 69(4): 889-896. https://doi.
org/10.1017/S0043933913000883

Ohta Y, Kidd MT, Ishabishi, T (2001). Embryo growth and 
amino acid concentration profiles of broiler breeder eggs 
embryos and chicks of in ovo administration of amino 
acids. Poult. Sci., 80: 1430-1436. https://doi.org/10.1093/
ps/80.10.1430

Patbandha TK, Garg DD, Marandi S, Vaghamashi, DG, 
Patil SS, Savsani HH (2017). Effect of chick weight and 

https://doi.org/10.1017/S0043933919000060
https://doi.org/10.4061/2010/479485
https://doi.org/10.33899/magrj.2019.126193.1010
https://doi.org/10.33899/magrj.2019.126193.1010
https://doi.org/10.3184/147020602783698458
https://doi.org/10.3184/147020602783698458
https://doi.org/10.2527/1999.77112974x
https://doi.org/10.1007/s12355-014-0352-z
https://doi.org/10.1007/s12355-014-0352-z
https://doi.org/10.1021/jf804005w
https://doi.org/10.1021/jf804005w
https://doi.org/10.1093/ps/86.5.1037
http://www.uobabylon.edu.iq/uobColeges/ad_ downloads/4_21336_963.pdf
http://www.uobabylon.edu.iq/uobColeges/ad_ downloads/4_21336_963.pdf
https://dx.doi.org/10.21608/EPSJ.2018.17108
https://dx.doi.org/10.21608/EPSJ.2018.17108
https://doi.org/10.36380/jwpr.2021.22
https://doi.org/10.36380/jwpr.2020.51
https://doi.org/10.21608/epsj.2019.29843
https://doi.org/10.5194/aab-50-204-2007
https://doi.org/10.5194/aab-50-204-2007
http://refhub.elsevier.com/S0032-5791(20)30726-4/sref31
http://refhub.elsevier.com/S0032-5791(20)30726-4/sref31
https://doi.org/10.3382/ps.2010-01080
https://doi.org/10.3382/ps.2010-01080
https://doi.org/10.1093/ps/85.4.770
https://doi.org/10.1093/ps/85.4.770
https://doi.org/10.3382/ps.0632475
https://doi.org/10.1017/S0043933913000883
https://doi.org/10.1017/S0043933913000883
https://doi.org/10.1093/ps/80.10.1430
https://doi.org/10.1093/ps/80.10.1430


Advances in Animal and Veterinary Sciences

April 2022 | Volume 10 | Issue 4 | Page 927

morphometric traits on growth performance of coloured 
broiler chicken. J. Entomol. Zool. Stud., 5(6): 1278-1281.

Pirgozliev V, Murphy TC, Owens B, George J, McCannin MEE 
(2008). Fumaric and sorbic acid as additives in broiler 
feed. Res. Vet. Sci., 84: 387-394. https://doi.org/10.1016/j.
rvsc.2007.06.010

Rouzbeh, F, Samadi MS, Qotbi AAA, Seidavi A, and Marín ALM 
(2016). Effects of feed supplementation with increasing 
levels of organic acids on growth performance, carcass traits, 
gut microbiota and pH, plasma metabolites, and immune 
response of broilers. Anim. Sci. Pap. Rep., 34(2): 195-206.

Salahi A, Mousavi SN, Foroudi F, Khabisi MM, Norozi M 
(2011). Effects of in ovo injection of butyric acid in broiler 
breeder eggs on hatching parameters, Chick quality and 
performance. Glob. Vet., 7(5): 468-477.

Salary J, Hemati Matin HR, Ghafari K, Hajati H (2017). Effect 
of in ovo injection of calcium carbonate nanoparticles on 
bone post hatched characteristics and broiler chicken 
performance. Iran. J. Appl. Anim. Sci., 7(4): 663-667. Online 
version is available on: www.ijas.ir

SAS (2012). SAS/STAT User’s Guide statistics, Version 12.1., 
SAS Institute Inc., Cary N.C., USA.

Scheppach W, Bartram HP, Richter F (1995). Role of short-
chain fatty acids in the prevention of colorectal cancer. Eur. 
J. Cancer, 31: 1077-1080. https://doi.org/10.1016/0959-
8049(95)00165-F

Shafey TM, Alodan MA, Al-Ruqaie IM, Abouheif MA (2012). 
In ovo feeding of carbohydrates and incubated at a high 
incubation temperature on hatchability and glycogen status 
of chicks. South Afr.ican J. Anim. Sci., 42: 210-220. https://
doi.org/10.4314/sajas.v42i3.2

Tag El-Din TH,. El-Shhat AM, Rasha ME, Sarhan RME (2018). 
Effect of dipping eggs time into different glucose solutions on 
hatchability and subsequent growth performance of hatched 
Domyati ducklings. J. Anim. Poult. Prod., Mansoura Univ., 9 
(8): 367–374. https://doi.org/10.21608/jappmu.2018.41141

Tona K, Bamelis F, De Ketelaere B, Bruggeman V, Moraes VMB, 
Buyse J, Onagbesan O, Decuypere E (2003). Effects of egg 

storage time on spread of hatch, chick quality and juvenile 
growth. Poult. Sci. 82: 736-741. https://doi.org/10.1093/
ps/82.5.736

Tona K, Bruggeman V, Onagbesan O, Bamelis F, Gbeassor 
M, Mertens K, Decuypere E (2005). Day-old chick 
quality: Relationship to hatching egg quality, adequate 
incubation practice and prediction of broiler performance. 
Avian Poult. Biol. Rev., 16: 109-119. https://doi.
org/10.3184/147020605783438787

Uni Z, Robert H, Smith (2017). The effects of in ovo feeding. 
Available from: http://zootecnicainternational.com/
featured/ effects-ovo-feeding/

Uni Z, Yadgary L, Yair R (2012). Nutritional limitations during 
poultry embryonic development. J. Appl. Poult. Res., 21(1): 
175-184. https://doi.org/10.3382/japr.2011-00478

Xiong, FU, Zhou HF, Chao LI, Zhao ZG, Shu-Juan YU (2014). 
Distribution and antioxidant activity of free and bound 
phenolic acids in sugarcane tissues. Modern Food Sci. 
Technol., 30(11): 17-22.

Yang Y, Iji PA, Kocher A, Thomson E, Mikkelsen LL, Choct M 
(2008). Effects of mannanoligosaccharide in broiler chicken 
diets on growth performance, net energy utilization, nutrient 
digestibility, and intestinal microflora. Br. Poult. Sci., 49: 
186-194. https://doi.org/10.1080/00071660801998613

Yassein DMM, Beamish SMM (2014). Effect of spraying hatching 
egg by ascorbic acid during incubation on hatchability post 
hatch chick growth and physiological parameters in a local 
strain of chickens. Egypt Poult. Sci., 34: 715-733. https://
doi.org/10.21608/epsj.2014.5363

Zhaoxiang H, Xia C, Xuefeng S, Xianyu L, Chengfeng 
L,  Junying L,   Guiyun X,   Ning Y, Jiangxia Z (2020). 
Acetic acid, vinegar, and citric acid as washing materials for 
cuticle removal to improve hatching performance of quail 
eggs. Poult. Sci., 99: 3865–3876. https://doi.org/10.1016/j.
psj.2020.04.018

Zheng FJ, Chen GL, Fang XC, Sun J, Lin B, Liu GM, Li L 
(2016). Acetic acid fermentation of sugarcane wine by acetic 
acid bacteria. Food Ferment.Ind., 42: 101-107.

https://doi.org/10.1016/j.rvsc.2007.06.010
https://doi.org/10.1016/j.rvsc.2007.06.010
www.ijas.ir
https://doi.org/10.1016/0959-8049(95)00165-F
https://doi.org/10.1016/0959-8049(95)00165-F
https://doi.org/10.4314/sajas.v42i3.2
https://doi.org/10.4314/sajas.v42i3.2
https://doi.org/10.21608/jappmu.2018.41141
https://doi.org/10.1093/ps/82.5.736
https://doi.org/10.1093/ps/82.5.736
https://doi.org/10.3184/147020605783438787
https://doi.org/10.3184/147020605783438787
http://zootecnicainternational.com/featured/ effects-ovo-feeding/
http://zootecnicainternational.com/featured/ effects-ovo-feeding/
https://doi.org/10.3382/japr.2011-00478
https://doi.org/10.1080/00071660801998613
https://doi.org/10.21608/epsj.2014.5363
https://doi.org/10.21608/epsj.2014.5363
https://doi.org/10.1016/j.psj.2020.04.018
https://doi.org/10.1016/j.psj.2020.04.018

