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Abstract

Background: Sexual differentiation can occur after exposure to aromatase into the left
gonad at 6.5 days of incubation. Aromatase inhibitors work by inhibiting the action of
the aromatase, which converts androgens into estrogens by a process called aromati-
zation.

Objectives: The aim of this study was to investigate the effect of in ovo exposure to
the aromatase inhibitor from tomato and garlic extract on sexual differentiation and
embryonic development in chicken embryos.

Methods: Three hundred eggs divided into five groups: Control 1 (CO; no injection);
control 2 distilled water, DW; 0.1 ml/egg); garlic extract (GAR; 0.1 mg/egg); tomato
extract (TOM; 0.1 mg/egg); and garlic and tomato extract mixed (ATM, 0.1 ml/egg).
The solution was prepared and injected into the albumin from the thin end of the
eggs on day five by using a 1 ml syringe with a 23-gauge needle. The embryonic test
(embryo/egg weight) conducted at 7, 14 and 17 days of incubation. After hatching,
feather sexing conducted to determine the initial male. Chicks sex was later confirmed
on day 42 by an optical microscope lens.

Results: The results revealed that there was a significant increase (p < 0.01) in embry-
onic growth traits in all experimental treatments as compared to control treatments.
There was a significant increase (p < 0.01) in the percentage of hatchability for all
experimental treatments compared to control treatments and a significant increase
(p < 0.01) in chick quality including one-day-old chick length and body weight. All
experimental treatments showed a significant increase (p < 0.01) in the male-to-female
ratio compared to control treatments.

Conclusions: The effect of in ovo exposure to aromatase inhibitors stimulated female-

to-male sex reversal and improved embryonic development.
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1 | INTRODUCTION

In animals, sex is dependent on embryonic gonads differentiation
and can be influenced by early exposure to sex steroid hormones
(Correa et al., 2005). Birds differ from mammals in terms of how sex
differentiation is genetically determined (Fazli et al., 2015). In birds,
the female has a heterogametic sex chromosome ZW, while the male
has a homogametic sex chromosome ZZ (Matsushita et al., 2006).
The W chromosome controls early aromatase enzyme synthesis and
leads to estrogen synthesis (Shimada, 1998, 2002). Estrogens and
their receptors are important for sexual differentiation to determine
female gender. Chicks’ embryonic gonads are bi-potential at an early
stage (Shimada, 2002). Like other bird species, female chickens will
only develop the left gonad into a functional ovary (Romanoff, 1960).
During female sexual development, the left gonad differentiates
into a single ovary and oviduct, while the right is idle and regresses
to generate the regular female phenotype (Lin et al., 1995). During
sexual differentiation, testosterone will be converted to estrogen in
response to aromatase enzyme expression in the left gonad at 6.5 days
of incubation (Shimada, 1998; Yoshida et al., 1996). In male birds, both
gonads will develop into a testis (Shimada, 1998). Sexual development
relies on the presence of aromatase in steroid cell generation, which
gauges the proportion of androgen hormones converted to estrogens
through the gonads (Nishikimi et al., 2000). Low levels of P450 aro-
matase expression causes a shortage of estrogen synthesis in males
(Nakabayashi et al., 1998; Shimada, 1998; Yoshida et al., 1996). The
expression of the aromatase gene in females begins around day 5-6
of incubation, prompted by the synthesis of estrogen (Zhang et al,,
1998). To create a functional left ovary, differentiation between right
and left ovary in females especially depends on the estrogen receptor
expression in the left gonad (Bruggeman et al., 2002). Sexual differ-
entiation between female and male depends on the lack of aromatase
and estrogen, while the estrogen receptor is available in males before
sexual differentiation (Smith et al., 1997). Levels of steroid hormones
are controlled by aromatase inhibition, which alters the last phase of
sex steroid biosynthesis by changing androgens to estrogens (Elbrecht
& Smith, 1992). Both male and female chicken embryos are capable
of androgen synthesis, but only female embryos can create estrogen
during the brief time period before the sexual differentiation of the
gonads. Thus, the expression of P450 aromatase mRNA in the female
chicken embryo has a critical role in the early phase of estrogen
production. Studies on aromatase inhibitors included, for example,
clomiphene and tamoxifen selective estrogen receptor modulators
(Fazli et al., 2015), imazalil, and atrazine (Matsushita et al., 2006). The
effects of these modulators have been tested on birds at different ages,
starting at the early days of embryo growth (Robinzon et al., 1990)
through 42 to 90 days of age (Rosenstrauch et al., 1986).

Tomato and its products contain high amounts of phytochemicals,
which have health advantages and play an active role in nutrition due to
antioxidant components. They also have natural aromatase inhibitors,
for example lycopene, phenolics, flavonoids, phytoene, phytofluene,
ascorbic acid, and the provitamin A-carotenoid p-carotene (Abushita

et al., 1997; Rao & Agarwal, 1999). Lycopene is considered an acyclic

unsaturated carotenoid due to its antioxidant properties and can be
extracted from tomato (Takasova et al., 1995). In garlic, natural aro-
matase inhibitors are lignans and major phytoestrogen compounds
(Valizadeh & Seratinouri, 2013). The natural compounds used in this
study were intended to create sex differentiation in the chick embryo
and to provide extra nutrients for the chick embryo to aid the hatching
process.

The objective of the current study was to explore the impact of the
natural extracts of tomato, garlic, and a combination of both, on sex dif-

ferentiation, gonad growth, and embryonic development.

2 | MATERIALS AND METHODS

2.1 | Garlic extract

Garlic extract was obtained through steam distillation, for a short
period, of mature garlic bulbs (Allium sativum L.) purchased from the
Iraqi local market. The garlic bulbs were cleared of any adhering dried
material, peeled, washed, and dried over drying paper, and thereafter
chopped with a grinder. Then, 200 g of the prepared garlic was blended
with 200 ml distilled water and put in a 1000 ml distillation flask
attached to the steam distillation device. The steam distillation con-
tinued for 3 h at 100°C (Lee et al., 2003). The following chemical con-
tents of garlic extract were determined: moisture, protein, lipid, ash,
and fibre contents (AOAC, 2000). The carbohydrate content was esti-
mated by adding the percentages of the aforementioned contents and
subtracting the sum from 100. Ca, Fe, Zn, P, and K were determined
by atomic absorption spectrophotometry (Mod AAnalyst 800; Perkin
Elmer, CT, USA) using the corresponding standards. Vitamin C, pyridox-
ine (B6), glutamic acid, arginine, lysine, leucine, allicin, alliin, alkaloids,
flavonoids, steroids, and cardenolides were determined as described
(Guideline, 1994), which is shown in Table 1. Note that 0.1 ml of the
hydrous garlic extract was injected into each treatment egg (Fazli et al.,
2015). The in ovo injection is described below.

2.2 | Tomato material

The tomato extraction was prepared using an integrated SFE-SFC sys-
tem (10AVP; Shimadzu, Japan). A 25 g sample of crushed fresh tomato
was placed into the extraction vessel, and a stream of carbon diox-
ide was passed through while the pressure and the temperature were
maintained at 32 MPa and 50°C, as described previously (Gomez-
Prieto et al., 2002). The most insoluble and less volatile compounds
were collected through the decrease in solvating power resulting from
lowering the pressure (to 15 MPa) and increasing the temperature up
to 80°C in a separation vessel (and consequently, from lowering the
carbon dioxide density). The extract was recovered by washing the
vessel with 5 ml dichloromethane. Extraction was repeated 10 times,
and the total extracted material was diluted with 10 ml distilled water.
Chemical composition of tomato extract includes the moisture, protein,
lipid, ash, and crude fibre contents (AOAC, 2000). The carbohydrate



2364 ABDULATEEF ET AL.
WILEY

TABLE 1 Chemical composition (mg/L) of tomato and garlic extract (AOAC, 2000)
Garlic extract Tomato extract
Components Value Components Value
Carbohydrate 73,220 Carbohydrate 60,290
Protein 15,330 Protein 12,220
Fibre 2100 Fibre 9250
Ash 4080 Ash 8110
Lipid 720 Lipid 3360
Moisture 4550 Moisture 6770
Vitamin C 31,100 Vitamin C 325,770
Pyridoxine (B6) 1,235,000 Riboflavin (B2) 617
Glutamic acid 850 Thiamin (B1) 639
Arginine 630 Pyridoxine (B6) 7390
Lysine 310 B-Carotene 4990
Leucine 270 Lycopene 125,110
Alkaloids 4210 total phenolic compounds (TPC) 329,380
Allicin 9030 Calcium 18,990
Alliin 2,113,000 Zinc 1800
Flavonoids 5560 Potassium 2650
Steroids 40 Iron 850
Cardenolides 20
Potassium 10,100
Calcium 26,300
Phosphorus 153,000
Iron 5290
Zinc 340

content was estimated by adding the percentages of the aforemen-
tioned contents and subtracting the sum from 100. Ca, Fe, Zn, and K
were determined by atomic absorption spectrophotometry (Mod Ana-
lyst 800; Perkin Elmer, CT, USA) using the corresponding standards.
Vitamin C, riboflavin (B2), thiamin (B1), pyridoxine (B6), lycopene, and
B-carotene content as well as total phenolic content (TPC) were deter-
mined as described (Guideline, 1994), which is shown in Table 1. The
extract was injected into the respective treatment eggs at 0.1 ml per
egg (Fazlietal., 2015).

2.3 | Tomato and garlic mixed extract

In the mixed treatment, 5 ml of garlic and tomato extracts were com-
bined and blended in an electric mixer. The total amount was diluted
with 10 ml distilled water, and 0.1 ml of the combined extract was

injected into each treatment egg.

24 | Inovo injection

Three hundred eggs were divided into five groups: control 1 (CO, no
injection); control 2 distilled water (DW, 0.1 ml/egg); garlic extract

(GAR, 0.1 mg/egg); tomato extract (TOM, 0.1 mg/egg); and garlic and
tomato extract mixed (ATM, 0.1 ml/egg). Each treatment contained
60 eggs, 20 eggs per replicate. The materials were prepared and
injected into the egg white (albumin) from the narrow end of the eggs
on day 5 of incubation using a 1 ml syringe with a 23-gauge needle.
Injection sites on the eggs were cleaned with 70% ethyl alcohol, and
then sealed by wax. In the control 2 group, 0.1 ml/egg of distilled water
was injected into the eggs in a similar way. Eggs were incubated in
Cimuka egg incubator (Turkey made) at 37.8°C and 65% humidity. Tem-
perature decreased gradually to 36.5°C, while humidity increased to
85% in hatching day according to Ross-308 management guide instruc-
tions. The eggs were automatically turned once per hour. The eggs were
discarded if no developed embryo was detected by candling at day 10
of incubation.

2.5 | Embryonic development tests, hatchability,
and chick quality

The embryonic tests were conducted at day 7, 14, and 17 of incubation.
Ten eggs from each replicate were taken for each assay and weighed

in a sensitive electric balance (extra 30 eggs were added to each
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TABLE 2 The effect of in ovo exposure to the aromatase inhibitors on development at 7 days from incubation

As a percentage of the egg weight at the test (%)

Treatments

Traits (gm) co DwW GAR TOM ATM SEM Mean p-Value
Embryonic weight 1.13¢ 1.37b¢ 1.67° 1.77° 2.62° 0.222 171

Amniotic weight+fluid 3.35 3.84 3.43 3.55 3.45 0.238 3.52 N.S.
Allantoic weight+fluid 4.58° 4.56° 6.742 6.84° 6.872 0.637 5.92

Albumin weight 10.792 10.29%0 9.385¢ 10.09%° 8.50° 0.619 9.81

Yolk weight 16.89 17.63 18.00 17.45 17.33 111 17.46 N.S.
Shell weight 9.482 9.952 9.272 8.72% 7.65P 0.667 9.01

Note: The different superscript letters in the same rows differ significantly at probability values 0.01 and 0.05.
Control 1: no injection (CO); control 2: distilled water (DW, 0.1 ml/ egg); garlic extract (GAR, 0.1 mg/ egg); tomato extract (TOM, 0.1 mg/ egg); and garlic and

tomato mixed extract (ATM, 0.1 ml/ egg).
Abbreviations: N.S., non-significant; SEM, standard error mean.
*p<0.01.

treatment for embryonic test and treated as same as eggs in original
treatment). They were then broken in a petri dish and measured for
the weight of the shell,embryo, albumen, yolk, membrane, and amniotic
fluid. These weights were calculated as a percentage of the egg weight
at the test, as described by (Orlov, 1987). The percentage of hatcha-
bility was determined as the number of chicks that hatched per num-
ber of fertile eggs in each set. After hatching, chicks of all treatment
groups were measured for their body weight and length (Abdulateef,
2017).

2.6 | Sexing analysis

After hatching, feather sexing was conducted as an initial test to the
male and female percentage. Hatched 1-day-old chicks were reared up
to 42 days of age, separated by sex, across 15 pens in a completely
randomized design. There were five treatments, three replicates, and
eight chicks per replicate. At the end of the experiment (day 42), three
birds from each pen were slaughtered for carcass analysis. The gonads
of the selected chicks were inspected by an optical microscope lens to
confirm the sex and feather sexing conclusions on day 42 (Fazli et al.,
2015).

2.7 | Statistical analysis

In this experiment, 60 eggs were randomly assigned to each of the
five investigated treatments, distributed across three replicates. Each
of 20 eggs per replicate was under complete random design (CRD).
Data were analyzed using a general linear model (SAS, 2012), with
injection treatments as a fixed effect. Means were compared according
to Duncan’s polynomial using different significance levels to determine
significant differences between treatment means (D. B. Duncan, 1955)
development of broiler chickens.

3 | RESULTS

3.1 | Embryonic development

Table 2 shows the effect of in ovo exposure to aromatase inhibitors
at day 7 of incubation on embryonic development. ATM showed a
significant increase (p < 0.01) in embryonic weight (2.26%) com-
pared to the other treatments, while GAR (1.76%) and TOM (1.77%)
treated eggs had a significant increase (p < 0.01) in embryonic weight
compared to CO eggs. There was no significant difference between
DW eggs and any other group and also in the combined amniotic
weight+fluid between the experimental groups and control groups.
However, there was a significant increase (p < 0.01) in allantoic
weight+fluid between GAR, TOM, and ATM eggs 6.74, 7.84, and
6.87%, respectively, compared to CO and DW eggs. ATM eggs had
a significant decrease (p < 0.01) in albumin weight (8.50%) and shell
weight (7.56%) compared to the other treatments. There was no dif-
ference between the experimental groups and control groups in yolk
weight.

Table 3 presents the effect of in ovo exposure to aromatase
inhibitors at incubation day 14 on embryonic development. ATM eggs
had a significant increase (p < 0.01) in embryonic weight (19.46%) com-
pared to GAR (18.06%) and TOM (17.53%) eggs, which was higher
than CO and DW. There was a significant increase (p < 0.01) in amni-
otic weight+fluid in ATM eggs (14.20%) compared to other treatments
except for TOM. The allantoic weight+fluid significantly increased
(b < 0.01) in GAR (11.83%), TOM (12.33%), and ATM (13.16%) eggs
compared to CO and DW eggs. There was also a significant decrease
(p < 0.01) in albumin weight in GAR (5.60%), TOM (5.23%), and ATM
(5.03%) eggs compared to CO and DW eggs. There was a significant
decrease (p < 0.01) in yolk weight in ATM eggs (12.16%) compared to
the other treatments, except for GAR and TOM eggs. The shell weight
significantly decreased (p < 0.01) in ATM eggs (6.35%) compared to the
other treatments.
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TABLE 3 The effect of in ovo exposure to the aromatase inhibitors on embryonic development at 14 days from incubation
Treatments
Traits(gm) co DW GAR TOM ATM SEM Mean p-Value
Embryonic weight 13.30¢ 13.14¢ 18.06° 17.530 19.462 0.741 16.30 :
Amniotic weight 12.70° 13.03° 10.33¢ 13.33%0 14.90° 0.901 12.86
Allantois weight 8.33° 8.80° 11.832 12.332 13.16° 1.02 10.89
Albumin weight 7.332 7.60? 5.60° 5.23P 5.03° 0.846 6.16
Yolk weight 15.00° 14.10% 13.00%¢ 13.66%¢ 12.16¢ 0.844 13.58
Shell weight 8.35° 8.422 8.06° 7.722 6.53P 0.423 7.81

Note: The different superscript letters in the same rows differ significantly at probability values 0.01 and 0.05.
Control 1: no injection (CO); control 2: distilled water (DW, 0.1 ml/ egg); garlic extract (GAR, 0.1 mg/ egg); tomato extract (TOM, 0.1 mg/ egg); and garlic and
tomato mixed extract (ATM, 0.1 ml/ egg).Abbreviation: SEM, standard error mean.

*p<0.01.

TABLE 4 The effect of in ovo exposure to the aromatase inhibitors on embryonic development at days 17 of incubation

Treatments
Traits(gm) co DW GAR TOM ATM SEM Mean P-value
Embryonic weight 24,004 25.86°¢ 27.26P 27.56P 29.67°2 0.520 26.87
Amniotic weight 15.66¢ 16.00° 17.16%° 17.532 18.16° 0.688 16.90 ’
Allantois weight 21.04° 21.87° 25.152 24.852 26.18 0.804 23.82 '
Yolk weight 16.00% 17.20° 15,13k 13.80¢ 11.96¢ 0.906 14.82 ’
Shell weight 7.60? 7.572 7.17° 7.432 6.21° 0.246 7.19

Note: The different superscript letters in the same rows differ significantly at probability values 0.01 and 0.05.
Control 1: no injection (CO); control 2: distilled water (DW, 0.1 ml/ egg); garlic extract (GAR, 0.1 mg/ egg); tomato extract (TOM, 0.1 mg/ egg); and garlic and
tomato mixed extract (ATM, 0.1 ml/ egg). Abbreviation: SEM, standard error mean.

*p<0.01.

Table 4 shows the effect of in ovo exposure to aromatase inhibitors
at day 17 of incubation on embryonic development. ATM eggs had a
significant increase (p < 0.01) in embryonic weight (29.67%) compared
to the other treatments. There was a significant increase (p < 0.01)
in amniotic weight+fluid in TOM (17.53%) and ATM (18.16%) eggs
compared to the other treatments except for GAR eggs. The allantoic
weight+fluid significantly increased (p < 0.01) in GAR (25.15%), TOM
(24.85%), and ATM (26.18%) eggs compared to CO and DW eggs. Yolk
weight significantly decreased (p < 0.01) in TOM (13.18%) and ATM
(11.96%) eggs compared to CO and DW eggs, while GAR (15.13%) eggs
had a significantly lower yolk weight than DW eggs. The mixed garlic
and tomato extract treatment (ATM) significantly decreased (p < 0.01)
shell weight (6.21%) compared to the other treatments.

3.2 | Hatchability and chicks quality

Table 5 shows the effect of in ovo exposure to aromatase inhibitors on
hatchability and chick quality. The results show a significant increase
(p < 0.01) in the percentage of hatchability in ATM eggs (77.00%) com-
pared to the other treatments. Chicks hatched from the ATM treat-
ment also had significantly higher (p < 0.01) body length (20.36 cm) and
weight (40.73 mg) compared to the other treatments.

3.3 | Sexing analysis

Figure 1 shows the effect of in ovo exposure to aromatase inhibitors on
the number of male and female broiler chickens. The number of males
was significantly higher (p < 0.01) in GAR, TOM, and ATM treatments
compared with CO and DW treatments. Figure 2 shows the effect of in
ovo exposure to aromatase inhibitors on the percentage of female and
male broiler chickens, with a greater percentage of males (p < 0.01) in
GAR, TOM, and ATM treatments compared to CO and DW treatments.

4 | DISCUSSION

41 | Embryonic development

The bioactive materials of garlic (A. sativum L.) are allicin, allinase, thio-
sulphonate, 1-propenyl allyl thiosulphonate, and y-L-glutamyl-S-alkyl-
L-cysteine. These effective compounds influence feed intake, feed
utilization, body weight, and blood lipid profiles. Enzymes present in
garlicare activated and act upon alliin to create allicin thereby affecting
embryonic growth. Moreover, there are essential sulphur-containing
materials existent in garlic (allyl methyl). These regulate cholesterol

levels in chickens energize the immune system, promote detoxification
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TABLE 5 Theeffect of in ovo exposure to aromatase inhibitors on the hatchability and chick’s quality

Treatments
Traits co DW GAR TOM ATM SEM Mean P-value
Hatchability (%) 66.664 67.66 69.00¢ 72.00° 77.00° 1.15 70.46 ’
Length (cm) 17.30¢ 17.66¢ 19.26° 18.90° 20.362 0.589 18.69 ’
Weight (gm) 34.734 35.30« 38.23° 37.76° 40.732 0.755 37.35

Note: The different superscript letters in the same rows differ significantly at probability values 0.01 and 0.05.
a, b, ¢, d: means in the same rows with different superscripts differ significantly at probability value p> 0.01 and 0.05.
Control 1: no injection (CO); control 2: distilled water (DW, 0.1 ml/ egg); garlic extract (GAR, 0.1 mg/ egg); tomato extract (TOM, 0.1 mg/ egg); and garlic and

tomato mixed extract (ATM, 0.1 ml/ egg).
Abbreviation: SEM, standard error mean.
*p<0.01.
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FIGURE 1 The effect of in ovo exposure to aromatase inhibitors
on the number of male and female of broiler chickens. *SEM: 0.730 to
male and 0.730 to female. *Mean: 5.69 to male and 2.17 to female. a
and b: mean in the same rows with different superscripts differ
significantly at probability value 0.01 and 0.05. *Control 1: no injection
(CO); control 2: distilled water (DW, 0.1 ml/egg); garlic extract (GAR,
0.1 mg/egg); tomato extract (TOM, 0.1 mg/egg); and garlic and tomato
mixed extract (ATM, 0.1 ml/egg). *Injected into the eggs in 5-day
incubation

of exotic compounds, and have anti-inflammatory and antioxidant
effects (Puvaca et al., 2015). Allicin has been shown to decrease
low-density lipoprotein, cholesterol, and triglyceride in serum (Alder &
Holub, 1997) and body tissues (Stanacev et al., 2012). It also has a role
in preventing bacterial growth (Griffin et al., 1992) and moderating
oxidative stress (lde & Lau, 2001). In broilers, adding garlic as a feed
supplement improved their growth and feed conversion ratio (FCR)
and reduced the mortality rate (Stanacev et al., 2010). Garlic contains
the minerals Ca, Fe, K, Cu, Mg, and a variety of vitamins such as thi-
amine (B1), riboflavin (B2), niacin (B3), pantothenic acid (B5), vitamin
Bé, folate (B9), and vitamin C as well as carbohydrates, sugars, fat, pro-
tein, and amino acids (Shojai et al., 2016). These contents contribute to
embryo development, improve feeding, and reduce mortality (Tollba &
Hassan, 2003). Garlic has also been used as an antibiotic growth pro-
moter in chickens (Dibner & Richards, 2005), while Raeesi et al. (2010)

used 1-3 g/kg garlic powder diets to improve growth performance.
Choi et al. (2010), however, found no effect on growth performance
when adding garlic, contrasting with the studies of Pourali et al. (2010)
and Varmaghany et al. (2015) who found a positive effect of garlic on
chick production performance (Shojai et al., 2016). In line with the
previous positive results (Suleria et al., 2015), in this study we indeed
found increased embryo weight in the garlic treatment (GAR) and the
treatment group with tomato and garlic mixed extract (ATM).

The success of embryonic development is determined by the com-
position of the hatching egg, early feeding, and the immune status. The
process of hatching is stressful to the embryo and can be affected by
other stressors, especially heat stress. Birds exposed to heat stress
increased their lipid peroxidation and depress their growth, while
there was an increase in free radicals (Fisher & Kemp, 2000). Inject-
ing lycopene, which is found in tomato, into the egg causes free rad-
ical inhibitor activity, creating protection against lipid peroxidation in
the egg yolk (Jiang et al., 2015). This agrees with the study of Takasova
et al. (1995) which shows that the tomato contains fatty acids including
palmitic acid (16:0), stearic acid (18:0), and oleic acid (18:1n-9). Toma-
toes are also considered a source of vitamins and may maintain vitamin
levels due to antioxidant impact (Jiang et al., 2015).

Lycopene also contributes to egg stability and the content of the
egg yolk, helping the embryo grow (N. Sahin et al., 2006). It has the
strongest antioxidant activity among carotenoids due to its high num-
ber of conjugated double bonds (Jiang et al., 2015). Lycopene can give
protection against cell harm caused by reactive oxygen species (ROS)
(Jain et al., 1999). Therefore, it can be given to prevent cell and tis-
sue damage and additionally improve hereditary problems (Prakash
& Kumar, 2013). Consuming lycopene has a cardio-protective effect
on humans and animals (Rissanen, 2006) by up-controlling oxidation
status. For example, it enhances the activity of antioxidant enzymes
and antioxidant vitamin contents (Luo & Wu, 2011) and the plasma
lipid profile (Upaganlawar & Balaraman, 2012). Jiang et al. (2015)
showed that lycopene antioxidants protect against the influence of
enzymes such as superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and catalase (CAT) and non-enzymes such as vitamins A
and E. Lycopene plays an important role in inactivating hydrogen per-
oxide and nitrogen dioxide (Bohm et al., 1995). Furthermore, tomato
pomace containing 1.3% lycopene was able to offset oxidative stress in
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CcO DW FIGURE 2 The effect of in ovo exposure to

aromatase inhibitors on the percentage of female to
male of broiler chickens.  SEM: 9.12 to male and 9.12
to female. & Mean: 70.0 to male and 30.0 to female. a

OMale % b 41.66 OMale % b 45.83 and b: mean in the same rows with different

O Female % O Female % ) superscripts differ significantly at probability value
0.01 and 0.05. *Control 1: no injection (CO); control 2:
distilled water (DW, 0.1 ml/egg); garlic extract (GAR,
0.1 mg/egg); tomato extract (TOM, 0.1 mg/egg); and
garlic and tomato mixed extract (ATM, 0.1 ml/egg). *
Injected into the eggs in 5-day incubation

GAR TOM
b 8.33
b 20.83
OMale % OMale %
OFemale % OFemale %
2 91.66
ATM
b 8.33
OMale %
OFemale % a91.66
animals by increasing transcription of genes that contribute to oxida- 4.2 | Hatchability and chicks quality

tive resistance (K. Sahin et al., 2014). Boileau et al. (2002) mentioned
that lycopene is better absorbed from the intestinal wall due to rapid
association with the bile that forms the emulsifier (Ahuja et al., 2006).
This explains the increased absorption of lycopene by eating high-fat
diets through stimulating the production of bile (Skiepko et al., 2016).
Using tomatoes in nutrition led to improved performance because
lycopene increases protein synthesis and proteolysis in the broiler
muscle (Hayashi et al., 1994). Surai et al. (1996) showed that lycopene
moves from the yolk to embryotic tissues a few days before hatching,
increasing lipid unsaturation and protecting the embryo against lipid
peroxidation. Increased feed utilization, as well as increased lycopene,
will increase coenzymes levels and could positively affect immuno-
competence in the developing chick (Karadas et al., 2006; Surai et al.,
2016). Injecting the egg with tomato extract would give the embryo
better protection against oxidation, improved embryonic tissue, and
increased growth and development (Gao et al., 2016). In line with the
above, we found increased weight in embryos injected with tomato
extract (TOM) or a combination of tomato and garlic extract (ATM).

In ovo injection of Chinese painted quail (Coturnix Chinensis) with
60 ng of testosterone induced embryo growth and reduced hatchling
immune levels (Anderson et al., 2004). High testosterone concentra-
tion in house finch eggs stimulated bone growth factors and cartilage
cells in chicks (Navara et al., 2006).

Hatchability depends on the quality of the embryo during the hatching
period. Improving embryo quality requires less energy depletion
and can lead to better chick welfare (Abdulateef, 2017). The results
showed an improvement in embryo quality due to lycopene and
garlic, resulting in improved hatchability. The qualities of garlic that
were described above will aid the embryo in overcoming the stress
of hatching (Shojai et al., 2016). Lycopene is thereby beneficial to
promote nutrient absorption in the intestine due to villus length
(Koutsos et al., 2003). The aforementioned qualities of lycopene
improve vital processes in the embryo thus improving the hatchability
(Sun et al., 2015). Chick length is one method to evaluate chick quality.
It is a valid predictor of chick development because it is positively
linked to yolk-free body mass at hatching. Longer chicks were also
heavier, which can be explained by the relationship between weight
and length in poultry (Petek et al., 2008). Embryo activity during
the hatching period will promote increased body weight and length
(Farner et al., 2012). Egg yolk hormone levels may affect sex ratio of
hatching chicks by reducing embryo mortality in one gender without
affecting the other (Li et al., 2008; Navara, 2013). Rubolini et al. (2006)
showed that in ovo injection of yellow leg gulls with testosterone hor-
mone caused high female embryo mortality thus increasing hatching

males.
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4.3 | Sexing analysis

The reproductive system of male birds (semen production and testes
activity) is affected by several factors such as age, season, nutrition,
photoperiod, daily rhythm, management system, genetics, and health
(Edens, 2011). There are two hypotheses regarding sex development
in birds. The first is the ‘Z dosage’ hypothesis and is based on the per-
ception that avian species have no dosage compensation system for the
Z chromosome (ltoh et al., 2010). Thus, it is suggested that high levels
of Z-linked genes in the gonads of ZZ embryo result in testis devel-
opment. There is a stable gene for sex development, which is the Z-
linked double sex and mab-3-related transcription factor 1 (DMRT1)
gene. The second is the ‘W dominant’ hypothesis in which the W chro-
mosome contains a dominant-acting ovary determinant or an inhibitor
of testis differentiation. histidine triad nucleotide-binding protein W
(HINTW) was the most influential ovary determining gene W-linked
ovary-determining gene also known as WPKCI and ASW (Sasanami,
2017).

The natural aromatase inhibitors in tomato, such as lycopene and
flavonoids, and in garlic, such as lignans and major phytoestrogen com-
pounds, are interesting examples that illustrate their mode of action.
These results agree with Smith et al. (1997) who showed that sex dif-
ferentiation between female and male depends on the lack of aro-
matase and estrogen, while the estrogen receptor is available in males
before sexual differentiation. Both endocrine and growth factor path-
ways modify steroid hormone metabolism, which modifies insulin-like
growth factors and estimated glomerular filtration rate (Dabrosin et al.,
2002) to inhibit aromatase and 17j-hydroxysteroid dehydrogenase.
Lignans inhibit cell proliferation in both estrogen receptor positive and
negative cell lines and work synergistically with flavonoids to reduce
estrogen receptor growth (Wanget al., 1994). Decreased estrogen pre-
vents left ovarian duct development and right duct regression (Brooks
& Thompson, 2005). The expression of aromatase gene in females
begins at about 5-6 days of incubation, prompted by the synthesis of
estrogen (Zhang et al., 1998) and particularly the estrogen receptor
mRNA in the left gonad (Nakabayashi et al., 1998), which explains the
results in this study. On the other hand, aromatase in the brain is usu-
ally only expressed in neurons, which is thought to be due to the neuro-
protective actions of estrogens, including estradiol. Research has found
that two cytokines, interleukin-14 (IL-1p8) and interleukin-6 (IL-6), are
responsible for aromatase expression in astrocytes following brain
penetration in the zebra finch (K. A. Duncan & Saldanha, 2011). There-
fore, lycopene could be considered an aromatase inhibitor by reducing
interleukin production in the body and preventing aromatase forma-
tion (Gouranton et al., 2011). Lycopene has 5-alpha-reductase inhibit-
ing properties, and therefore works similarly to well-known chemical
inhibiting drugs (Gouranton et al.,2011). Lycopene interferes with local
testosterone receptor activation by down-regulating 5-a-reductase
and consequently reduces steroid target gene expression (cystatin-
related protein 1 and 2, prostatic spermine binding protein, prostatic
steroid binding protein C1, C2, and C3 chain, and probasin) (Jiang
et al.,, 2015). Flavonoids work as an estrogen antagonist and bind to

the estrogen receptorsin cells, blocking estrogen in the body ultimately

inhibiting growth. Because of this, flavonoids are considered selective
estrogen receptor modulators (Pelissero et al., 1996).

Garlic is a dietary source of lignans which contain aromatase
inhibitors (Valizadeh & Seratinouri, 2013). It has been suggested
that lignans inhibit estrogen synthesis and compete with estradiol
for the estrogen receptor and type Il binding sites (lbrahim & Abul-
Hajj, 1990). Lignans contain enterolactone (Enl) and its precursors
3’-demethoxy-30-demethylmatairesinol (DMDM) and didemethoxy-
matairesinol (DDMM), which decrease aromatase enzyme activity. Its
precursors contain a keto-tetrahydrofuranring. The ring structure may
either directly increase the Enl’s affinity to the aromatase enzyme, or it
may increase lipid solubility, allowing Enl and its theoretical precursors
to enter the cell more easily. Once in the cell, Enl can access the binding
site of aromatase and block its pathway (Wang et al., 1994). The P450
aromatase involved in mRNA expression in the female gonad begins to
forminthe ovary at 6-7 days of incubation, but there is no such expres-
sion in the male chick gonads (Akazome et al., 2002; Vaillant et al.,
2001; Yamamoto et al., 2003). Cunningham and Russell (2001) showed
that hormones are transferred from mother peahens to their eggs at
various levels. Eggs containing male embryos had significantly higher
androgen levels, and eggs containing female embryos had significantly
higher levels of 17-8 estradiol. In male chicks, anti-Mullerian hormone
(AMH) might be involved in higher mRNA expression in the gonad and
initiate the testes formation, whereas in females it has a lower expres-
sion (Nishikimi et al., 2000; Oréal et al., 2002). Testes development and
sex differentiation in males are therefore more dependent on AMH and
androgen secretion from testes (Shimada, 1998). AMH is secreted from
Sertoli cells and prohibits the development of the Miillerian duct and
thus the reproductive system of females (Wibbels et al., 1992). The lev-
els of steroid hormones are controlled by aromatase inhibition, which
marks the last phase of sex steroid biosynthesis by changing androgens
to estrogens (Elbrecht & Smith, 1992). Both male and female chicken
embryos are able to synthesize androgens, while female embryos can
create estrogen during the brief time frame before sexual differenti-
ation of the gonads. Thus, the expression of P450 aromatase mRNA in
the female chicken embryo has a critical role in the early phase of estro-
gen production. Studies in rodents demonstrated that testosterone has
a sex specific influence on the brain with respect to aromatization,
and controlling androgen sensitivity, within brain regions that medi-
ate male sexual behaviour. Al-Bayar (2016) showed that injecting Iraqi
native hens with 500 pg testosterone per week produced significantly
more male chicks than female chicks. Studies have been carried out on
various antiestrogenic compounds used for the control of physiological
processes (Roselli & Klosterman, 1998).

Phytoestrogens are a diverse group of non-steroidal compounds
that occur naturally in many plants. Because they possess a ring sys-
tem similar to estrogens, they are able to bind to estrogen receptors
(Edmunds et al., 2005). The sexual differentiation happens because
of aromatase expression and generation of estrogen from the testos-
terone in the left gonad at 6.5 days (Shimada, 1998; Yoshida et al.,
1996). In the right gonads in both male and female, however, the cor-
tex is not existent by 6 days of incubation due to the absence of estro-

gen receptor gene expression (Fazliet al., 2015). On the other hand, the
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gene transcript for aromatase is present in the regressing right gonad
(Nakabayashi et al., 1998). Consequently, aromatase has an effective
role in the regression of the medulla of the right gonad in birds, and it
changes testosterone to estradiol (Shimada, 1998). Exposing the chick
embryo to aromatase inhibitors has been shown to defeminize the
ovary and accessory structures (Fazli et al., 2015; Matsushita et al.,
2006; Ottinger & Vom Saal, 2002). Female chickens that developed
testes were capable of spermatogenesis and possessed the physical
appearance and behaviour of males (Elbrecht & Smith, 1992). The aro-
matase protein is expressed in the medulla of female gonads from
6.5 days onwards and its expression increases during ovarian develop-
ment (Smith et al. 1999, 2005). In the last part of estrogen biosynthesis
specifically, androstenedione is converted to estrone and testosterone
to estradiol through three progressive hydroxylations of the 19-methyl
group of androgens, with synchronous evacuation of the methyl group
as format and aromatization of the A-ring (Elbrecht & Smith, 1992). The
activity of aromatase depends on factors including age, insulin, obesity,
and alcohol. Aromatase movement is diminished by prolactin, the AMH,
and the herbicide glyphosate. Aromatase activity is shown to be high
in certain estrogen-dependent local tissue (Gasnier et al., 2009). Aro-
matase is additionally oversensitive to environmental impacts, espe-
cially temperature. In species which depend on temperature for sex
determination, aromatase expression is higher at temperatures that
yield females (Duffy et al., 2010). Tomato and its products contain
phytochemicals, which have health advantages and include antioxi-
dant components such as lycopene, phenolics, flavonoids, phytoene,
phytofluene ascorbic acid, and the provitamin A-carotenoid S-carotene
(Abushita et al., 1997; Rao & Agarwal, 1999). Vitamin A is necessary
for the synthesis of retinoic acid (RA). RA is a metabolite of vitamin A
(retinol) that mediates the functions of vitamin A required for growth
and development and is key to controlling meiotic initiation in many
animal species. RA is produced in animal embryos through the tissue-
specific expression of three enzymes of retinaldehyde dehydrogenase
(RALDH), namely RALDH1, RALDH2, and RALDHS3. In chick embryos,
RALDH2 is the main enzyme in charge of RA synthesis, and sites of
RALDH?2 gene expression are associated with RA production (Blentic
et al., 2003). However, RALDH2 is firmly expressed in the gonads of
both sexes from 6.5 days of incubation (phase 30). In male chicks, the
expression of RALDH2 restricts the seminiferous ropes, whereas in
females it limits the cortex production in the left gonad and the medulla
of theright gonad (Smith et al. 2008). RA led meiotic entry in developing
chicken gonads through the expression of RADH2, a major RA synthe-
sizing enzyme, and cytochrome P450 family 26, subfamily B member 1,
which is a major retinoic acid-degrading enzyme (Sasanami, 2017).
Initial expressions of DMRT1 and SOX9 occur at different times in
birds between 3.5 and 6.5 days, respectively. SOX9 regulates transcrip-
tion of the AMH gene (Oréal et al., 2002). SOX9 also plays an important
role in male sexual development through steroidogenic factor 1 (SF-1)
protein, a transcription factor involved in sex determination by control-
ling the activity of genes related to the reproductive glands, gonads,
or adrenal glands (Parker & Schimmer, 1997). SOX9 produces AMH in
the Sertoli cells to prevent the female reproductive system from devel-
oping. It is also associated with other genes that enhance the sexual
organs of males (Sekido & Lovell-Badge, 2008). This commences when

the testis-determining factor encoded by the sex-determining region
SRY of the Y chromosome activates SOX9 (Moniot et al., 2009).

AMH is a glycoprotein pertinent to the transforming growth factor-
B (TGF-B) superfamily. It is secreted by the gonads and plays a vital part
in sexual differentiation of reproductive organs. It is synthesized and
secreted by the Sertoli cells of the embryonic testis and regresses the
paired Miillerian ducts of males (Josso & Picard, 1986). In mammals,
SOX9 directly regulates the AMH transcription together with NR5A1,
GATA4 (GATA binding protein 4), and WT1 (Wilms tumour protein
homolog). However, in chickens, AMH mRNA expression occurs prior
to that of SOX9. AMH mRNA likewise exists in the female gonads of
embryonic chickens and the right female Miillerian ducts (Hutson et al.,
1981). It is thought that estrogens shield the left duct from regression
through AMH (Josso et al., 2001).

Sexual differentiation happens in chickens and many other bird
species. When female birds are masculinized, sex reversal occurs in ZW
females between 0 and 7.5 days. During this time, gonads are develop-
ing, and a testis-like structure with a thick cortex and bushy medulla can
be observed despite the fact that the embryo is genetically female (ZW)
(Kuroiwa, 2018). Genes involved in testis differentiation are unregu-
lated, whereas female marker genes are down-regulated. There have
been no cases reported of male-to-female sex inversion in avian species
under natural conditions, showing that the avian cannot be female
without the W chromosome. This conclusion strongly supports the W
dominant hypothesis, which preserves that W-linked genes dominantly
determine ovary differentiation (or inhibit testis differentiation).

In conclusion, injecting garlic and tomato extracts into eggs before
hatching resulted in a skewed sex ratio in the chicken. We therefore
conclude that garlic extract, tomato extract, and the combination of
both showed an aromatase inhibitor effect in the embryonic develop-
ment. The extracts are in addition a source of nutrients for chicks. They
can be used in hatcheries as natural compounds to increase the male-
to-female ratio in broiler chicks.
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