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ABSTRACT
Objective: To evaluate an automatic in ovo injection device based on a low-cost Cartesian robot.
Design/Methodology/Approach: The prototype integrates a motor-driven pressurized syringe, a graphical
user interface for selecting injection volumes, and a laser photo-interrupter sensor that ensures needle centering
and height relative to the egg.

Results: The device underwent 50 injection trials using saline solution and was compared with manual
techniques, showing a significant reduction in variability of the administered volume compared to manual
methods, thereby improving injection accuracy, operational efficiency, and overall prototype performance.
Limitations/Implications: The device still requires validation under real farm conditions, testing in high-
demand environments, and enhancements such as the incorporation of multiple syringes and integration with
conveyor or incubator systems.

Findings/Conclusions: The automated device represents a significant advancement in the automation of in
0vo vaccination, providing a viable and low-cost alternative for small- and medium-scale poultry producers.
Although certain technical and validation challenges remain, the proposed system offers an accessible solution
that reduces operational risks, increases productivity, and facilitates the integration of

automation technologies into the poultry sector.

The results show that the automated system reduced the
mean absolute error by 45% and improved operational efficiency
by 30% compared with manual vaccination (p<<0.05). These
findings confirm the potential of the device as a cost-effective
and highly precise option for vaccination processes in small- and
medium-scale production environments.

Keywords: /n 0vo vaccination, poultry production, Cartesian
robot, automated injection system.

INTRODUCTION

The poultry industry in Mexico accounts for
approximately 63% of total livestock production,
meaning that six out of every ten kilograms of meat
produced come from poultry, positioning this sector as
a fundamental pillar in the national supply of animal
protein (Galeana, 2023). The continuous growth in
demand makes it essential to implement efficient
sanitary strategies aimed at preserving flock health

and optimizing production performance.
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In-ovo vaccination, typically performed around day 18 of incubation, has emerged
as one of the most effective methods for preventing avian diseases and ensuring early
immunization. By administering vaccines during embryonic development, this technique
promotes homogeneous and timely immunity, significantly reducing production losses
and strengthening biosecurity across poultry systems (Peebles, 2018; Oliveira et al., 2024;
Krishnan et al., 2024; Cakir, 2024). Early immunization enhances vaccine effectiveness
and allows for rapid control of pathogens that directly impact poultry productivity (Franco,
2021; Tufarelli et al., 2021). The procedure begins when the internal space of the egg is
fully occupied and the yolk sac begins integrating with the embryo’s abdominal cavity.
The eggshell is sterilized and perforated using needles ranging from 18G to 22G, with
a maximum length of 25.4 mm. The vaccine is deposited in the neck or shoulder region
of the embryo, and the opening is subsequently sealed with wax oil before incubation
continues (Li ez al., 2024; Azhar et al., 2022).

The health and proper development of chicks are influenced by the nutritional
composition of the egg, which contains essential vitamins, minerals, lipids, carbohydrates,
and proteins (Oliveira et al., 2023). Due to its high precision and effectiveness, the technique
is widely adopted in countries such as the United States, where approximately 90% of
commercial poultry is immunized using automated in-0v0 vaccination systems. Vaccination
directly into the amniotic sac ensures efficient delivery, reduces bird stress, and enhances
immune development (Oliveira et al., 2023). In-ovo vaccination can be performed manually
—considered the traditional approach— or automatically, which enables high-throughput
processing. Current automated systems, such as large-scale injection platforms used
in industrial hatcheries, can vaccinate up to 62,000 eggs per hour, demonstrating their
relevance in commercial poultry production (Franco, 2021; Azhar et al., 2022).

The effectiveness of in-ovo vaccination relies on the precise control of several parameters
during incubation and substance administration, as embryos are highly vulnerable to
environmental pathogens and handling errors. One of the most critical parameters
is the operating volume, since accurate dosing is essential to avoid embryonic damage
or mortality. Recommended volumes vary according to the substance type: electrolyte
solutions typically exceed 2000 uL, carbohydrate-based solutions should remain below
700 uL to ensure optimal hatchability, and commercial antiviral vaccines such as those
for Marek’s disease generally require about 60 uLi (Peebles, 2018; Abd El-Ghany, 2025).
Temperature is another crucial factor; incubation must be maintained between 99.5 and
100 °F (37.5-37.8 °C). Temperatures below this range can delay embryonic development,
while higher values increase the likelihood of malformations (Oliveira et al., 2023; Yehia
et al., 2024). Humidity also plays a vital role in the success of incubation, with ideal levels
ranging between 58% and 60% (84-86 °F or 28.8-30 °C) to prevent excessive water loss
through the eggshell pores (Oliveira et al., 2023; Yehia et al., 2024). Several challenges
in in-ovo vaccination arise from inadequate handling practices, including improper egg
manipulation, the absence of controlled incubation systems, and failure to maintain
optimal environmental parameters. Administering volumes outside the recommended
ranges may compromise embryonic development. In manual applications, variability in

human handling becomes one of the primary sources of error, as differences in applied
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pressure between operators reduce dosing accuracy and reproducibility (Li et al., 2024;
Krishnan et al., 2024). Given these limitations and the evident need for scalable, cost-
effective solutions, we designed an automated injection system specifically tailored for

small- and medium-scale production environments.

MATERIALS AND METHODS

We developed the microliter-range injection system following the working principle of
a Cartesian robot, designed to minimize the degrees of motion required for high-precision
injections. The device is organized into four operational blocks, which enable efficient
supervision and coordination of specific tasks within each section. Each block integrates a
slave microcontroller that communicates with a master unit via the UART communication
protocol. Through this configuration, every module performs a dedicated function to
ensure high levels of precision and repeatability in the injection process.

The positioning block is constructed from aluminum profiles and driven by a linear
actuator. Its primary function is to move and accurately align the syringe module with
the indexing block. To ensure precise positioning, the system integrates an optoelectronic
sensor and limit switches that control the end-of-travel positions.

The injection block controls the pressurised syringe, which is graduated to deliver
accurate doses within the microlitre range. The plunger operates along the Z-axis via
a motor-driven sliding table, while a distance sensor continuously monitors vertical
displacement to correlate motion with the selected injection volume. Additionally, a laser
photo-interrupter aligns the needle with the egg and verifies the correct height prior to
injection. This feature substantially reduces misaligned punctures, thereby improving

procedural accuracy and minimising the risk of embryo damage.

Figure 1. Prototype of the automatic injection device for in-ovo vaccination.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/bwleam15 270

The positioning block is fabricated from aluminium profiles and actuated by a linear
actuator. Its primary function is to translate and precisely align the syringe module with the
indexing block. To ensure accurate positioning, the system incorporates an optoelectronic
sensor and limit switches that define the end-of-travel positions.

The injection block manages the pressurized syringe, which is graduated to guarantee
accurate dosing within the microliter range. The plunger operates through a sliding table
along the Z-axis powered by an electric motor, while a distance sensor continuously
monitors the vertical displacement to correlate the motion with the selected injection
volume. Additionally, a laser photo-interrupter aligns the needle with the egg and verifies
the correct height before injection. This feature significantly reduces misaligned punctures,
enhancing procedural accuracy and minimizing the risk of embryo damage.

The indexing block sequentially positions the eggs for vaccination. It operates through
a rotary plate similar to an indexing table, where custom supports hold each egg in the
correct orientation relative to the injection system. Alignment is controlled by a laser
photoelectric sensor, while the plate rotation is driven by an electric motor assisted by
limit switches that ensure accurate stopping points. In addition, this block integrates a
solution reservoir equipped with a differential pressure sensor that continuously monitors
the available volume in real time before each injection cycle.

The user interface block manages the monitoring of the sample volume within the
reservoir via the differential pressure sensor installed in the indexing module. Acting as the
system’s master unit, this block centralizes all data transmitted by the slave microcontrollers
and displays it through a graphical user interface (GUI). Using this interface, the operator
can visualize operational parameters and configure the injection volumes to be administered
during the process.

The developed automatic microvolume injection device offers several advantages over
traditional vaccination methods. Notable benefits include its adaptability in both design

and implementation according to user needs, its capacity to maintain sanitization protocols
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Figure 2. Operating principle of the injection block.
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more effectively due to automation, and its versatility across different operational ranges.
The graphical interface allows users to select the injection volume based on the installed
syringe; if a different range is required, the syringe can be easily replaced. This flexibility
expands the range of possible configurations and broadens the potential applications of the

device in future research and development.

RESULTS

The automaticinjection device was tested using saline solution to evaluateits performance
in comparison with conventional vaccination methods. The assessment considered both
the number of injections performed and the precision achieved, establishing a direct
comparison with the manual in-0v0 technique commonly employed in small-scale poultry
production laboratories.

For validation, approximately 50 administrations were conducted, and the results
are summarized in Table 1. These initial values highlight the differences between both
procedures in terms of accuracy, uniformity, and operational efficiency. This number of
tests corresponds to a preliminary functional validation stage, consistent with standard
engineering prototype evaluation practices. The primary objective at this stage is to assess
operational stability, precision, and repeatability prior to scaling to larger sample sizes.
Future experiments will incorporate broader sample groups, supported by statistical power
analysis, to strengthen external validity and ensure the reliability of the results.

An analytical balance equipped with tuning-fork sensor technology, providing a
resolution of 0.1 mg (0.0001 g), was used to evaluate the administered volumes. This

Figure 3. Automatic device for in-0v0 vaccination.
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Table 1. Automatic Injection Measurements vs. Manual Injection Measurements

. Setpoint ul Delivered ul Dose Error_ul. Rel Error % Injection Times

L 60 6099 099 166 12
3 60
5. 5 Auomaticijector 60

6. 6 | Automatic Injector 60
i 7 Auomaticinjector . 60

8. 8 Automatic Injector EO

9: 9 | Automatic Injector 60
10 10 Automatic Injector 60
26 _1 ConventionalManual . 60
2?” .2 ComeqﬂmalManua.l i 6(]
28 3 ComventionalManual 60

i .4 ConventionalManual | 60:

30 5 Conventional Manual 60
) .8 Conventional Manual 60
32 7 | Conventional Manual 60!
33 8 Conventional Manual 60
34 9 ConventionalManual = 60
35 .10/ Conventional Manual. 60

level of precision enabled the calculation of absolute errors, standard deviations, median
relative errors, mean injection times, and success rates for each procedure, as summarized
in Table 2.

A one-way ANOVA was performed to compare the mean values of absolute error,
injection time, and success rate between the automated and manual injection groups.
The analysis indicated statistically significant differences across all evaluated parameters
(p<0.03), confirming the superior accuracy and operational consistency of the automated
system. Mean values are reported with standard deviations and 95% confidence intervals
to ensure transparency and reproducibility of the findings.

The results obtained from the 50 trials demonstrate a clear improvement in the precision
and repeatability of the automated device compared with conventional in ovo vaccination
methods. In the traditional approach, the administered volumes showed substantially
greater dispersion, primarily due to variability in manual handling and the lack of fine-
control mechanisms. These inconsistencies often produced deviations above or below the
target volume, potentially compromising both immunization effectiveness and embryonic
viability.

Figure 4 shows that, in contrast to the manual procedure, the automated device
achieved a markedly more uniform distribution of injected volumes, consistently remaining
close to the value programmed through the user interface. This improved performance
is evidenced by the significantly higher average error observed in the manual method,

further underscoring the superior dosing precision provided by the automated system.

Table 2. Performance of the Injection Methods.

Method N Mean_Abs_Error_ulL SD_Error_uL  Median_Rel_Error_pct Mean_Time_s Success_Rate_pct
Automatic Injector 25 1.55 1.91 -0.78 1.16 100
Conventional Manual 25 6.59 9.32 -1.49 3.53 96
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Comparison of Mean Absolute Error in In-Ovo Injection
{n =50 per group)

Mean Absolute Error (pL)

Automatic Injector Conventional Manual
Injection Method

Figure 4. Absolute error distribution for automated and manual in-0v0 injection methods.

The graph compares the absolute deviation (L) from the target injection volume for
both procedures (n=>50 per group). Measurements were obtained using an analytical
balance with 0.1 mg resolution under controlled laboratory conditions (23+1 °C). The
lower dispersion observed in the automated system indicates superior dosing precision
compared with the manual method.

As shown in Figure 5, the automated device reduces application time and maintains
a consistent working cadence, while the manual method exhibits notable fluctuations
throughout the injection process. This figure compares the mean injection time (in seconds)
for both methods across 50 trials, demonstrating the superior operational stability of the
automated system.

Mean injection times (seconds) are shown for 50 replicates per method. Data were
recorded during sequential application cycles under identical operating conditions. The

Comparison of Operational Efficiency
(n = 50 per group)

Mean Injection Time (s)

Automatic Injector Conventional Manual
Injection Method

Figure 5. Comparison of mean injection time between automated and manual procedures.
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automated system exhibits reduced average injection time and lower temporal variability
compared with manual practice, demonstrating superior operational stability.

Regarding contamination assessment, this parameter was evaluated by inspecting the
eggs for residues, leakages, or morphological alterations after injection. In the manual
method, several contamination events were detected, primarily linked to direct handling
and the absence of standardized hygiene protocols. In contrast, the automated device
markedly reduced contamination incidence, as its pressurized injection mechanism and
sterilizable components minimized the introduction of external agents. As shown in
Figure 6, the proportion of contaminated eggs was significantly lower in the automated
system compared to the manual method (n=350 per group), confirming that in addition to
improving precision and operational efficiency, the device also enhances sanitary safety.

To evaluate potential contamination, the injected eggs were examined using
candling techniques for 48 hours post-injection. Eggs were classified as contaminated
when they exhibited air-cell turbidity, hematic spots, or clear indicators of embryonic
viability loss. The evaluation was performed in duplicate and cross-validated by
two independent operators to minimise observational bias. The resulting data were
compared against those obtained from the manual injection method, which served as
the control group.

Contamination was assessed by candling 48 hours post-injection. Eggs were classified
as contaminated if they exhibited air-cell turbidity, hematic spots, or clear indicators
of embryonic viability loss. The automated system demonstrated a lower incidence of
contamination compared with manual handling, highlighting its potential to improve
biosecurity during in-0vo procedures.

Collectively, the data presented in Table 2 and the three comparative bar charts
support the conclusion that integrating automation into poultry vaccination processes
not only improves procedural accuracy and consistency but also expands the applicability

of the technique across diverse production settings, including small- and medium-scale

operations.
Method-Based Performance Results
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Figure 6. Post-injection contamination rates for automated and manual in-0v0 methods.
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The datasets generated and analyzed during this study are available from the
corresponding author upon reasonable request. All raw measurements, statistical outputs,
and calibration logs have been digitally archived to ensure transparency and reproducibility
of the findings.

DISCUSSION

Although several studies have reported advances in automated in-0vo vaccination systems,
most commercial platforms remain primarily designed for large-scale industrial hatcheries.
For example, the Embrex Inovoject® system developed by Zoetis continues to serve as an
industry benchmark due to its high injection accuracy and operational reliability (Zoetis,
2023). However, it requires considerable capital investment, specialized maintenance, and
high production throughput to remain economically viable, with reported capacities of up
to 60,000 eggs per hour.

Similarly, the Egginject® system from Ceva Santé Animale employs a patented dual-
pressure injection mechanism that automatically adjusts needle depth based on egg
and embryo size, achieving throughputs between 20,000 and 100,000 eggs per hour
(Ceva Santé Animale, 2023). Despite its precision, this platform remains financially
inaccessible for small- and medium-scale producers due to high implementation and
maintenance costs.

Another example 1is Vinovo®, developed by Viscon Hatchery Automation, which
integrates viable-embryo detection and hygienic double-needle injection to ensure
accurate in-ovo vaccination while minimizing contamination risk (Viscon Group,
2021). However, its technological complexity and price range similarly restrict its use to
industrial-scale hatcheries.

Beyond these industrial systems, SmartVac™ (Pas Reform, n.d.) and Innoject Pro®
(MSD Animal Health & Automazioni VX Inc., 2020) integrate advanced features such
as multi-agent vaccination, automated sanitization, and adaptive positioning sensors to
optimize throughput and hygiene, yet their economic feasibility remains limited to high-
capacity hatcheries. Likewise, Sanovo VAX® (Sanovo Technology Group, 2021) and
INTA-OVO® (INTA, 2018) exemplify mid-range automation but still demand substantial
infrastructure and maintenance expertise.

A recent academic development by Huang ¢t al. (2022) introduced an electromagnetic
force-driven needle-free in-ovo injection system, aiming to eliminate contamination and
mechanical wear through non-contact micro-dose delivery. Despite its promising design,
it remains at a prototype level and is not yet commercially deployable, highlighting the
persistent gap between research innovation and accessible field application.

In contrast, the prototype developed in this study focuses on low-cost automation,
modular construction, and simplified maintenance, providing an accessible alternative
without compromising precision or repeatability. Compared to the aforementioned
systems, the proposed device offers comparable microvolume accuracy while drastically
reducing system cost and complexity, thus addressing a key technological gap in current

poultry production. Its operational scalability represents a crucial advantage for small
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and medium producers, offering sustainable automation without the financial burden of
industrial-grade equipment.

The integration of machine vision technology could enable real-time monitoring of egg
integrity throughout each stage of the vaccination process, thereby enhancing reliability and
process control. Although the results presented in this study are promising, all experiments
were conducted under controlled laboratory conditions. The next phase will involve pilot
testing in commercial poultry farms to evaluate the system’s robustness, reliability, and

adaptability under real-world operating conditions.

CONCLUSIONS

The automated device constitutes a significant improvement over conventional
methods, as there is virtually no scenario in which manual vaccination can outperform
an automated system. For this reason, the implementation of an automatic injection
device represents a strategic upgrade for small-scale poultry producers. The comparative
bar charts reinforce this finding by illustrating the notable variability of manual methods
compared with the operational stability of automated systems, which directly translates
into a reduced risk of embryo damage. During the initial testing phase, fewer than 2% of
injections exhibited minor deviations, primarily attributable to early-stage calibration or
slight syringe misalignment. These issues were promptly corrected through software-based
positional compensation. No mechanical or structural failures were observed throughout
the tests; however, periodic maintenance and alignment verification are recommended to

ensure long-term reliability under continuous operation.

ACKNOWLEDGEMENTS
This work was supported by the Secretaria de Ciencia, Humanidades, Tecnologia e Innovacién (SECIH'TT)
and the Tecnoldgico Nacional de México (TecNM). We gratefully acknowledge their financial contribution to

this paper.

Conlflict of Interest Statement
The authors declare no known competing financial interests or personal relationships that could have

influenced the work reported in this study.

Supplementary Material
To support full reproducibility of the proposed device, all complementary technical resources —including
wiring schematics, control logic diagrams, and representative code fragments for GUI-microcontroller

communication— are available upon request.

REFERENCES

Galeana, E. (2023). Mexico’s poultry industry on the rise: SADER. Mexico Business News. https://
mexicobusiness.news/agribusiness/news/mexicos-poultry-industry-rise-sader.

Franco, C. A. (2021). Efecto de la aplicacién In Ovo del probiético colostrum Bio21 en pollo de engorde Ross
Ap en una incubadora en Flandes Tolima. https://hdl.handle.net/20.500.14625/19732

Tufarelli, V., Ghane, F., Shahbazi, H.R., Slozhenkina, M., Gorlov, 1., Viktoronova, F.M., Seidavi, A.,
Laudadio, V. (2021). Effect of in ovo injection of some B-group vitamins on performance of


https://mexicobusiness.news/agribusiness/news/mexicos-poultry-industry-rise-sader
https://mexicobusiness.news/agribusiness/news/mexicos-poultry-industry-rise-sader
https://hdl.handle.net/20.500.14625/19732
https://www.tandfonline.com/author/Tufarelli%2C+Vincenzo
https://www.tandfonline.com/author/Ghane%2C+Farhad
https://www.tandfonline.com/author/Shahbazi%2C+Hossein+Reza
https://www.tandfonline.com/author/Slozhenkina%2C+Marina
https://www.tandfonline.com/author/Seidavi%2C+Alireza
https://www.tandfonline.com/author/Laudadio%2C+Vito

AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/bwleam15 277

broiler breeders and their progeny. World’s Poultry Science Journal, 78(1), 125-138. https://doi.org/
10.1080/00439339.2022.2003169

Li, X, Liu, X., Cui, L., Liu, Z., Zhang, Y., & Li, H. (2024). How to Break through the Bottlenecks of in Ovo
Vaccination in Poultry Farming. Vaccines, 72(1), 48. https://dot.org/10.3390/vaccines12010048

Azhar, M., Sara, U., & Wahyuni, S. (2022). Effect of In-ovo Injection of L-Arginine on Hatchability, Chick
Quality, Performances and Muscle Histology of Native Chicken. Indonesian Journal of Animal and
Veterinary Sciences, 27(1), 18. https://doi.org/10.14334/jitv.v27i1.2987

Oliveira, G. d. S., McManus, C., Salgado, C. B., & dos Santos, V. M. (2023). Bibliographical mapping of
research into the relationship between in ovo injection practice and hatchability in poultry. Veterinary
Sciences, 10(4), 296. https://doi.org/10.3390/vetsc110040296

Oliveira, G. d. S., McManus, C., & dos Santos, V. M. (2024). Control of Escherichia coli in Poultry Using the In
Ovo Injection Technique. Antibiotics, 13(3), 205. https://doi.org/10.3390/antibiotics13030205

Peebles, E.D. (2018). In ovo applications in poultry: A review. Poultry Science, 97(7), 2322-2338. https://doi.
org/10.3382/ps/pey081

Krisnan, R., Hidayat, C., Unadi, A., Isbandi, Rusdiana, S., Petrus Ginting, S., Bakrie, B., Talib, C., Tarigan,
A., Shiddieqy, M., Hamdan, M., Suhandi, A., Widaringsih, W. (2024). The Effectiveness of Using a
Combination of Saponin and Vaccine Given In Ovo on Hatchability and Early Growth Performance
of Local Chickens. BIO Web of Conferences, 88, 1-6. https://doi.org/10.1051/biocon{]20248800020

Calkar, E.B. (2024). In ovo injection of testosterone to yolk sac modulates early posthatching development and
physiology of male chick in broilers. Poult Sci. 2024 Mar;103(3):103389. https://doi.org/10.1016/j.
psj.2023.103389

Abd El-Ghany, W. A. (2025). In Ovo Vaccination Technology: An Alternative Approach to Post-Hatch
Vaccination in Modern Poultry Operations. Microbiology Research, 16(1), 7. https://doi.org/10.3390/
microbiolres16010007

Ceva Santé Animale. (2023). Egginject® System for Automated In-Ovo Vaccination. Ceva Animal Health
Technical Brochure.

Huang, K.-J., Li, C.-H., Tsai, P.-K., Cheng, C.-W., et al. (2022). Electromagnetic force-driven needle-free in-
ovo injection device. Veterinary Sciences, 9(3), 199. https://doi.org/10.3390/vetsci9030199

INTA — Programa de Incubacién. (2018). INTA-OVO® System: In-Ovo Vaccination Solution for Latin
American Hatcheries. Instituto Nacional de Tecnologia Agropecuaria.

MSD Animal Health & Automazioni VX Inc. (2020, January 27). MSD Animal Health and Automazioni VX
Inc. Introduce Innoject Pro for Poultry Vaccination at IPPE Expo 2020. https://www.msd-animal-
health.com/2020/01/27/msd-animal-health-and-automazioni-vx-inc-introduce-innoject-pro-for-
poultry-vaccination-at-ippe-expo-2020/

Pas Reform. (n.d.). SmartVac™ Integrated In-Ovo Vaccination System. Pas Reform Hatchery Technologies.

Sanovo Technology Group. (2021). Sanovo VAX — In-Ovo Injection System. https://www.sanovogroup.com

Viscon Group. (2021). Vinovo™ Automated In-Ovo Vaccination System. Viscon Group Poultry Automation
Brochure.

Williams, C. J., & Zedek, A. S. (2010). Comparative Field Evaluations of In-Ovo Applied Technology. Poultry
Science, 89(2), 189-193. https://dot.org/10.3382/ps.2009-00093

Zoetis. (2023). Embrex Inovoject® Automated In-Ovo Vaccination System. Zoetis Poultry Solutions. https://
www.zoetis.com/poultry/embrex-inovoject


https://doi.org/%2010.1080/00439339.2022.2003169
https://doi.org/%2010.1080/00439339.2022.2003169
https://doi.org/10.3390/vaccines12010048
https://doi.org/10.14334/jitv.v27i1.2987
https://doi.org/10.3390/vetsci10040296
https://doi.org/10.3390/antibiotics13030205
https://doi.org/10.3382/ps/pey081
https://doi.org/10.3382/ps/pey081
https://doi.org/10.1051/bioconf/20248800020
https://doi.org/10.1016/j.psj.2023.103389
https://doi.org/10.1016/j.psj.2023.103389
https://doi.org/10.3390/microbiolres16010007
https://doi.org/10.3390/microbiolres16010007
https://doi.org/10.3390/vetsci9030199
https://www.msd-animal-health.com/2020/01/27/msd-animal-health-and-automazioni-vx-inc-introduce-innoject-pro-for-poultry-vaccination-at-ippe-expo-2020/
https://www.msd-animal-health.com/2020/01/27/msd-animal-health-and-automazioni-vx-inc-introduce-innoject-pro-for-poultry-vaccination-at-ippe-expo-2020/
https://www.msd-animal-health.com/2020/01/27/msd-animal-health-and-automazioni-vx-inc-introduce-innoject-pro-for-poultry-vaccination-at-ippe-expo-2020/
https://www.sanovogroup.com
https://doi.org/10.3382/ps.2009-00093
https://www.zoetis.com/poultry/embrex-inovoject
https://www.zoetis.com/poultry/embrex-inovoject

	_GoBack
	_yn9k4vuauvsb
	_ed1rvd8ia2sc
	_lswqcc75zsbr
	_uwevkt2qhii9
	_fh87klpf67lb
	_ljwkg2qzm7if
	_dcgl2trmwv2e
	_2e4trfwzhbn9
	_bq29px2wwhwj
	_9drytvzc2h9a
	_lfzl5ofm3mb
	_j3y21o8hsnne
	_qc7d6ujiiaqs
	_wug8n4ev637q
	_br2ksuvjkk5v
	_z6fmqkt5s7zr
	_jov7pb8nk77a
	_qupje7cn0v5k
	_fu23mzxr3q8j
	_u173a9bihxk1
	_u6ox93xru88p
	_14vgkc83ay44
	_nc2rvijai6c2
	_4vp3icyzn6qc
	_nk46eqfg6sou
	_epv6w8andvin
	_4szxaucq8z9d
	_vx764zo373dz
	_xc5873a4cw41
	_j6pcxzxaj4ie
	_bso8q03td0n5
	_w4rxrhad8kk4
	_uzjpmejg6665
	_3jv4um1x9b99
	_wy5tdp4jswh1
	_bi3frvji87z2
	_58ekvad8236t
	_l0u6jjxej40g
	_e94hz9yb6282
	_4mp12slbmsj4
	_butlmknid2s5
	_42j9u8jn5m7j
	_lky8hn1wtjsd
	_y4f6n4q2gri2
	_w1x3my7q3dhv
	_1214ushdkhmd
	_l6f7j5up0k76
	_ud4jc78xuns7
	_88x2kf2x47ka
	_5cyo33e3wim
	_sof6d66d1zv6
	_c1aqie2oyc51
	_rt2gfqbovxwg
	_rw29p47872rj
	_tntqdgpz9dwy
	_q1m09iyapncf
	_8wjsi74gthcf
	_czdaoxleihtd
	_58fxpfc9rr3q
	_rt2gfqbovxwg
	_Hlk210399005
	_Hlk210399024
	_Hlk210398994
	_Hlk210744955
	_Hlk210385673
	_Hlk210720293
	_Hlk210747248
	_Hlk210397308
	_Hlk210398962
	_Hlk210752417
	_Hlk210745701
	_Hlk208298836
	_Hlk211925326
	_Hlk211926139
	_Hlk211001966
	_Hlk211928524
	_Hlk211002048
	_Hlk211002063
	_Hlk211002095
	_Hlk211002315
	_Hlk211002323
	_Hlk211525215
	_Hlk210833615
	_Hlk210839683
	_Hlk211925822
	_Hlk210983570
	_Hlk210834758
	_Hlk210840719
	_Hlk210985073
	_Hlk210915268
	_Hlk211002655
	_Hlk211237760
	_Hlk206761175
	_Hlk211422347
	_Hlk211412883
	_Hlk211237803
	_Hlk211237776
	_Hlk208556963
	_Hlk209685263
	_Hlk210147111
	_Hlk211807952
	_Hlk211809155
	_Hlk211809169
	_Hlk211812980
	_Hlk211816525
	_Hlk211816802
	_Hlk210130656
	_Hlk211457019
	_Hlk211371212
	_Hlk212583707
	_Hlk212550401
	_Hlk213396395
	_Hlk208556963
	_Ref12617844
	_Ref12667490
	_Hlk214449322
	_Hlk213396395
	_Hlk214041989
	_Hlk208556963
	_Hlk213887684
	_Hlk214018036
	_Hlk213892252
	_Hlk213888023
	_Hlk213973825
	_Hlk213868469
	_Hlk213888160
	_Hlk213875272
	_Hlk213893147
	_Hlk213875415
	_Hlk213893507
	_Hlk213974040
	_Hlk212462728
	_Hlk213875615
	_Hlk213884250
	_Hlk213887499
	_Hlk213884570
	_Hlk213971916
	_Hlk213885105
	_Hlk213887665
	_Hlk213891466
	_Hlk212393600
	_Hlk214018345
	_Hlk214018296
	_Hlk214828430
	_Hlk214828960
	_Hlk214831594
	_Hlk214831561
	_Hlk214831512
	_Hlk214832475
	_Hlk214831359
	_Hlk211978113

