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Abstract:	Comment by Dell: Abstract too short, Usually abstract should be about 300 words. Author needs to rewrite the abstract
Chick sexing is the process of determining whether a newly hatched (or developing) chick is male or female. This is critical for the poultry industry – especially egg producers – because males (cockerels) are not needed for egg production and are often culled soon after hatching. Over the years, many methods have been developed practiced to sex chicks, ranging from such as manual (traditional) to high-tech approaches. Each method has its principle, accuracy, speed, cost, and ethical implications. Various methods discussed presented in detail below, comparing their advantages and limitations and how widely they are used globally and in India.
1. Introduction 	Comment by Dell: Introduction is too short, author needs to write more.
Chick sexing, the process of determining the gender of day-old chicks in embryonic stage or day old. (Include in-text citation here), is a critical task in the poultry industry due to the distinct roles that each gender plays in production. In global poultry farming, the sex of chickens has a considerable impact on production performance and economic benefits. In terms of egg production,The sexed male birds cannot lay eggs and usually have a lower ratio of meat to feed than broilers (Jia et al., 2023). In the egg production industry, failure to classify chicks in the early stages results in feeding and maintaining undesired males until visible cues are observable, increasing costs and wasting resources (Rodriguez et al., 2025; Corion et al., 2023). A delay in sex identification increases economic and logistical costs, as male chicks require feeding and occupy space (Include in-text citation). in hatcheries, adding to overall production expenses. 
2. Materials and methods
Materials and methods are lacking, include it here.
3. Results and discussion

3.1 Traditional Sexing Methods
3.1.1 Vent (Cloacal) Sexingsexing: 
The oldest and most widely used method is vent or cloacal sexing (Include references). To determine the sex A a trained “chick sexer” gently flips the chick, expels feces, and examines the cloaca (vent). ), In in male chicks, a tiny genital eminence (“bump”) is visible; females usually lack this or have a much smaller bump (Include references). Vent sexing can be highly accurate (often >90%) but requires intensive training and experience. It is non-invasive (physically manipulating the chick) and laborious. Errors can occur, especially with unskilled workers (Narinç & Aydemir, 2021). It is also slow (a few seconds per chick) time consuming method to do the chick sexing and risky to the chick if done improperly (Cygan-Szczegielniak & Bogucka, 2021). NeverthelessHowever, it remains a standard widely practiced method in many hatcheries (especially where sex-linked breeds are not used)(include reference).	Comment by Dell: Is it really oldest method?

3.1.2 Feather (Wing) Sexingsexing:
 This method relies on sex-linked genetic traits affecting feather development. In certain hybrid breeds, Using this method chicks can be sexed by observing the primary and covert feather the pattern or length of wing feathers as soon as they hatch (include references). For example, a cross between a fast-feathering male and a slow- feathering female yields female chicks whose In case of female chicks the primary wing feathers are longer than their coverts, whereas males’ primary feathers are shorter (Horkaew et al., 2024). Similarly, in Barred Plymouth Rock breed, male and female down plumage differ (females have larger light spots). Feather sexing is fast (thousands of chicks per hour) and non-invasive. It can reach high accuracy if the parent lines are correctly bred for sex-linked traits. For instance, trained workers can sex up to ~4,500 chicks per hour by wing-feather method. Limitations:But this method It of chick sexing only works on special sex-linked strains or breeds (not universal).. Further, high sexing error incidences are likely to occur Misidentification can occur if traits are not clear.  and further, the sexing facilities require adequate lighting facilities and sufficient training to the chick sexer Also, it requires good lighting and training (Saetiew et al., 2025).	Comment by Dell: What does non-invasive mean? Please use appropriate word.

3.1.3 Colour and Auto sexing:	Comment by Dell: Please rewrite about colour sexing, for references, author can refer Hy-line international standards for layers, which can be retrieved from www.hyline.com 
1.1  Some breeds carry color-linked genes that allow sexing by down color or patterns (references required). For example, barred hens (B/B) and cockerels (B/b) show different down- spot sizes. New Hampshire Red chicks often have “chipmunk stripes” if female. These methods are simple but breed-specific and only offer moderate accuracy (they depend on trait consistency).
1.2 
Hormonal (Japanese) Vent-Probe: A variant of vent sexing uses a “Keeler Chick Tester” probe with a light to examine internal gonads. This can improve accuracy but is slow and requires special equipment; it is not commonly used today (Yin et al., 2024).	Comment by Dell: This comes under vent sexing, requeste3d to combine under vent sexing

1.3 Visual Inspection (Comb/Wattle): Some breeders look for slight comb or wattle color differences in day-old chicks, but this is very unreliable.Accuracy & Adoption: In experienced hands, traditional methods can achieve about 95% accuracy. Hatcheries often guarantee 90–95% correct sexing when done properly. These methods are widely used worldwide and in India, especially where commercial sex-linked lines are reared. However, traditional sexing is labor-intensive, and errors or chick injury can occur. There is also a major ethical issue: since layers produce only females, male chicks are usually culled (often by gassing or maceration) immediately after sexing. Reducing this culling is a key motivator for new methods (Kannan et al., 2025).	Comment by Dell: Chicks will not have any comb or wattle. Relook into this section.

3.2 Molecular and Biochemical Methods
3.2.1 PCR-Based Genetic Sexing: 
Birds have ZZ (male) and ZW (female) sex chromosomes. Molecular techniques exploit this. The CHD (Chromo Helicase-DNA binding) gene has Z and W copies of different sizes. PCR amplification of CHD1 genes (using P2/P8 or related primers) yields one band for males (ZZ) and two bands for females (ZW). Newer primers target W- specific genes like SWIM or Xho-I for female detection. PCR sexing on a drop of blood, feather pulp, or even embryonic tissue can yield ~100% accuracy in the lab. It is breed-independent (works on any chicken) and very reliable(Ref).	Comment by Dell: Include references, since this paper is review paper, every statement should be guided with in-text citation and references.

3.2.2 LAMP and Isothermal Assays: 
To simplify molecular sexing, researchers developed LAMP (loop-mediated isothermal amplification) and RPA (recombinase polymerase amplification) assays. These run at constant temperature and can give visual readouts (color change) quickly. One 2025 report achieved 100% accurate sex ID with new PCR assays without DNA quantification, and a colorimetric LAMP could sex a sample in ~20 minutes with visual (yes/no) output. Fluorescent LAMP versions also reached high accuracy. Pros: Faster and simpler than PCR, potentially portable (only a heater needed). Cons: Still require egg sampling, reagents, and some equipment for reliable results. Not yet routine for mass chick sorting but promising for in-ovo testing where slower methods can be tolerated (Include references).	Comment by Dell: Include references.

3.2.3 Biochemical (Hormone) Assays: 
An allantoic fluid assay detects female-specific hormones (e.g., estrone sulfate) from egg fluid. Commercial systems (e.g. Seleggt/Respeggt in Germany) sample egg fluid on day 9 of incubation and run an ELISA or DNA-based test for a female marker. Females give a positive signal (often with a color change); males are negative. Accuracy of such biochemical sexing can exceed 95%. For example, Respeggt reports 99.5% accuracy. Pros: Very accurate, can be done before hatching (avoiding male chick birth). Cons: It requires piercing the egg and extracting fluid (skill needed), specialized assay kits (high cost per egg), and may slightly reduce hatch rate due to handling. Throughput is limited (thousands of eggs/day) compared to millions, though machines are improving (Respeggt can sex ~3600 eggs/hour). These methods are already commercial in Europe (see Adoption, below) (include references).

3.3 Advanced Technological Methods
3.3.1 Imaging and AI-Based Methods
Computer Vision on Chicks: Recent research applies machine learning to photographs of live chicks. By training a neural network on chick images (“chick facial gender recognition”), studies achieved roughly 80–90% sexing accuracy. One group reported ~81.9% final accuracy in a test using deep CNNs on chick faces. Another approach used biometric features of chick faces for classification. This method is non-invasive and fast (a camera can capture many chicks), and could be automated on sorting lines. However, current accuracy is moderate (~80–	Comment by Dell: Include references







95%) and may vary by breed and image quality. This technology is still in development, with no large-scale commercial deployment yet.(Ref)

3.3.2 Automated Feather-Image Sexing (WingScan):
 WingScan (by Targan) is an automated machine that photographs chick wings and uses AI to classify sex by feather patterns. It reportedly achieves over 97% accuracy consistently and can process up to 160,000 chicks per hour. This high throughput rivals manual wing sexing but with less human labor. It works on broiler chicks with sex-linked feather growth. This is an example of combining traditional feather cues with AI to speed up sorting(References).

3.3.2.1 Vocalization Analysis: Some studies attempt to sex chicks by their peeping sounds. Deep learning models (CNNs, LSTMs) applied to chicks’ calls have achieved around 75–90% accuracy. For instance, one study using spectrograms of chick calls reached about 91% with a CNN model. While promising as non-contact methods, these acoustic systems are sensitive to noise and require controlled recording conditions. They remain experimental.(References)

3.3 Spectral and Imaging Techniques
3.3.3 Spectroscopy of Eggs (Non-Invasive In-Ovo Sexing): Several optical methods shine light (visible, near-infrared, or terahertz) through eggs to detect sex-specific differences(Ref).

3.3.3.1 Hyper spectral Imaging: Companies like Agri Advanced Technologies (AAT, Germany) use hyperspectral cameras to scan eggs around day 13. Males and females of certain layer breeds have differently colored down feathers (e.g., white vs brown) when candled; hyperspectral sensors detect this and yield ~98–99% accuracy. AAT’s system can reportedly hit ~98.8% accuracy on brown-layer eggs. Another project (Tronico, France – Project Soo) used multispectral reflectance and claimed ~90% by day 9. Hypereye (Canada) aims for 99% accuracy at 30,000–50,000 eggs/hour. These optical systems are contactless (no egg damage) and can process eggs at high speeds once set up. However, they mostly work only for breeds with sex-linked plumage differences (common in layers but not broilers)(Ref???).
3.3.3.2 Infrared (FTIR/Raman/Fluorescence): Lab studies show that infrared spectroscopy or fluorescent signals from embryonic blood/feathers differ by sex. For example, NIR Raman on extra-embryonic blood gave ~96% accuracy. Dual-wavelength fluorescence (532 & 785 nm) on blood gave ~96%. These methods probe biochemical differences (like hemoglobin production). They are promising research tools but require optical setups and have had mixed results on hatch rates (the shell/fluid interface can complicate signals)(Ref???). Not yet commercial.
3.3.3.3 X-ray and MRI: High-resolution imaging (micro-CT, MRI, optical coherence tomography) can find the embryo’s sex by locating the germinal disc or blood vessels. For example, 3D micro-CT identifies the blastoderm for a cell biopsy. MRI has been used in research to clearly visualize embryonic structures by day 12. These techniques are extremely expensive and currently only research-stage, as they are slower and costly per egg(References???).

3.4 Combined In-Ovo Systems
Many systems combine methods. For instance, a modern in-ovo sorter might use optical screening at day 4–10, discard early males, then take a fluid sample of uncertain eggs at day 9

for hormonal assay. The goal is to be fully automatic and fast enough for hatchery-scale volumes(References???).

3.5 Practical Considerations
· Throughput: Manual sexing can sort a few thousand chicks per hour per person. Advanced machines (WingScan, Hypereye) can reach tens of thousands per hour.	Comment by Dell: Take this part to conclusion and recommendation
· Cost: Traditional sexing cost is mainly labor. Molecular and hormonal assays cost several dollars per chick. In-ovo imaging has high capital cost but low per-egg consumables (once installed).
· Accuracy: Vent/feather (trained) ~95%, PCR/LAMP ~99–100%, AI methods currently
~80–98% depending on tech, optical in-ovo (with sex-linked down) ~97–99%. Commercial endocrine systems claim >99% for fertile eggs.
· Ethics: Traditional methods allow male chicks to be culled shortly after hatching (standard practice). In-ovo methods eliminate hatching male chicks, avoiding that cull (but male embryos are “terminated” by not incubating further). Molecular methods kill male embryos at sampling or sort them out early, which many see as more humane because embryos are not yet conscious of pain. All methods raise welfare questions: venting is stressful to chicks; drilling eggs is invasive; high-tech methods must be carefully validated to ensure normal hatch and health.

4 International and Indian Adoption
Global Trends: Developed countries are rapidly adopting new sexing technologies. In Europe, where culling is now banned (e.g. Germany, France, Italy by 2026), in-ovo sexing has grown quickly. By late 2023, about 15% of layer production in Europe used in-ovo sexing. Key players:	Comment by Dell: Take this part to introduction section.

· Seleggt/Respeggt (Germany): First commercial in-ovo system (2018), based on hormone detection at day 9. Their eggs are sold as “Respeggt – free of chick culling” in EU markets.
· In Ovo (Netherlands): Similar day-9 biopsy/hormone test; scaled up to ~1500 eggs/hour by 2020.
· AAT (Germany): Hyperspectral imaging on day 13 for brown layers.
· Plantegg (Germany): PCR-based day-9 test (coming soon).
· Other R&D: Optical imaging (OCT, fluorescence) and integrated AI are being tested.

In the United States, uptake has been slower but accelerating. In late 2024, NestFresh (U.S. egg producer) announced the first hatches of in-ovo-sexed chicks using hyperspectral imaging (via AAT technology). They plan to market these eggs (mid-2025) with labels certifying male- chick free production. Startups (Kipster, Egg Innovations) are trialing various in-ovo methods. However, as of early 2025, no US regulatory mandate exists; male chick culling continues but consumer pressure is growing.

India: Traditional sexing (vent/feather) remains universal. There is growing awareness of male- chick culling as an ethical issue, but high-tech sexing is not yet used in Indian hatcheries. A few state animal welfare boards have encouraged in-ovo technology “when available”, but no commercial system is in operation. Research institutions (e.g. ICAR–Directorate of Poultry Research) have investigated molecular sexing and may pilot technologies. However, factors

like lower labor cost and slower regulatory pressure mean adoption in India lags behind Europe. Any new technology will need to be cost-effective and robust for Indian poultry environments.

5 Comparison of Methods

Table 1: Different methods used in Chick sexing
	Method	Comment by Dell: Make it scientific table and describe it in detail.
	When Used
	Principle / Sample
	Accuracy
	Throughput
	Cost
	Ethical/Practical Issues

	Vent (Manual)
	Day-old chicks
	Cloacal bump (visual)
	
≈90–95%
	Low	(~100–500
chicks/hr/person)
	Low (labor)
	Invasive to chick; requires training; stress/injury risk

	Feather (Manual)
	Day-old chicks
	Wing feather length/patter n
	≈95–100% (if
sex-linked lines)
	High
(~4,500/hr/person)
	
Low
	Only for special breeds; requires good lighting

	
Color Sexing
	Day-old chicks
	Down color/spot patterns
	70–90%
(breed- dependent)
	
Moderate
	
Low
	Breed-specific; variable accuracy

	
Vent-Probe
	Day-old chicks
	Internal light probe in cloaca
	
~95%
	
Very low (slow)
	Medium (equipmen t)
	
Invasive; rare use

	PCR	(CHD
gene)
	Embryo or	post- hatch
	DNA	from blood/feather
	
~100%
	Low	(few
hundred/day)
	High (labs, reagents)
	Noninvasive sampling possible; lab-only

	
LAMP/RPA
	
Embryo or chick
	DNA
amplification in ovo
	
≈100% (small trials)
	
Low	(dozens– hundreds/day)
	
Medium- High
	Needs		some equipment; portable	options emerging

	
Hormone Assay
	
~Day	9 in ovo
	Allantoic fluid ELISA/DNA
	
>99%
(claimed)
	
Moderate (thousands/day)
	
High (kits, handling)
	Slight egg damage; reduces hatchability slightly

	
Hyperspectr al Imaging
	Days 11–14 in
ovo
	NIR/Vis reflectance (brown	vs white down)
	
~97–99%
	
High	(tens	of thousands/hr)
	
High (cameras)
	
Only	sex-linked breeds; capital cost

	Optical (Fluorescenc e)
	~Day 5–
10 in ovo
	Embryonic blood fluorescence
	
~96%
	
Moderate-low
	High (optics)
	Sensitive	to environment; still experimental

	OCT	/	X-
Ray / MRI
	In	ovo (any day)
	High- resolution imaging
	~90–100%
(research)
	Very	low
(minutes/egg)
	
Very High
	Research stage; expensive; time- consuming

	AI - Vision (post-hatch)
	Day-old chicks
	Deep learning	on chick photos
	~80–90%
(lab)
	Potentially high (if automated)
	
Medium
	Still low maturity; requires image database

	
AI - Audio
	Day-old chicks
	Deep learning	on chick calls
	
~75–90%
	
Low-medium
	Low- Medium
	Sensitive to noise; experimental



6 Current Status
· Internationally: Europe leads with multiple commercial solutions (Seleggt/Respeggt, In Ovo, AAT, etc. at scale). The US is starting (NestFresh 2024). Developing countries are slower; much of Asia and Latin America still rely on manual methods.	Comment by Dell: Take it to introduction section
· India: No large-scale in-ovo or automated sexing is in place. Hatcheries use vent and feather methods. No laws yet ban chick culling, though animal welfare groups are raising the issue. According to reports, some Indian states have mandated that in-ovo sexing “should be used once available”. Research on molecular and imaging sexing has been done in Indian institutes, but practical adoption awaits cost-effective technology.

7 Conclusion and recommendation
Identifying the chick’s sex is very much important. Normally, male chicks have little use and are culled. New methods aim to find out before they hatch, so they don’t suffer a painful death. This is better for animal welfare. Also, if we only hatch female chicks, it saves money on feeding and caring for the male chicks. Cost and use: The simplest methods (vent/feather) cost almost nothing and many farms in India use them today. High-tech methods cost more (machines, lab tests) but are being adopted in Europe and soon in the US. India is still working with old methods, but farmers and governments are interested in new techniques that stop male chick culling. Manual vent-feather sexing is cheap but needs training and isn’t fast enough for all chicks. Molecular and optical methods are super accurate but expensive (right now). AI and imaging are getting cheaper and can handle lots of chicks quickly. In future, eggs might be automatically sorted by robots so that only female chicks are hatched and survive, making poultry farming more efficient.
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