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Abstract
The bioavailability (F) of calcium and other nutrients from the gastrointestinal
tract in the second and third laying cycle hens and in hens under heat-stress
is insufficient to sustain the necessary egg production. The administration of
additional amounts of any source of calcium has been shown to be insuf-
ficient to meet the demand for calcium. However, improved calcium F has
already been achieved in these hens if calcium carbonate is pharmaceuti-
cally prepared as patented pellets (FOLAs). Hence, clinical challenges were
set to test the FOLA pellets as a form to sustain egg production and egg-
shell thickness in 180-second and 180-third cycle Bovans-White laying hens,
randomly divided into six groups, as follows: cycle-2 control group (GCC2);
FOLA-group-capsaicin (GFcC2); FOLA-group-capsaicin-turmeric powder-cin-
namon powder (GfexC2); control-group for third cycle hens (GCC3);
FOLA-group-capsaicin (GFcC3); FOLA-group-capsaicin-turmeric powder-cin-
namon powder (GFexC3). This trial was carried out under moderate heat-
stress conditions, and a follow-up was carried out utilizing eye thermographic
measurements. The results show that all FOLA-fed hens of the second or
third laying cycle presented better laying average and eggshell thickness than
the untreated control groups, i.e.,, GFcC2 128 9% higher than GCC2; GfexC2
135 9% higher than GCC2; GFcC3 168 % higher than GCC3; and GFexC3 was
173 % higher than GCC3 (P < 0.01 in all comparisons). FOLA pellet formu-
lation, similar to GfexC2, is postulated as a viable natural solution to counter
the decreased egg-laying and shell thickness in second and third-cycle hens
under moderate heat stress.
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Study contribution

Given the threat of global warming to egg production and the carbon footprint
associated with the replacement of single-cycle laying hens by flocks, a calcium
carbonate-phytoelements pharmaceutical design was studied. Its supplementation
could preserve egg production in second and third-cycle egg-producing backyard
hens under moderated heat stress.

Introduction

Eggs are of paramount importance for human nutrition. Approximately 80 million
tons of chicken eggs are produced worldwide, and growth in this industry is expect-
ed to exceed 25 % by 2030.(1-3) Hence, it is necessary to improve egg production,
and such a challenge should not entail using antibacterial production promoters
and must not compromise the health of the laying hens. Even small family farms
are emerging to meet this egg demand.() The obvious approach should be to
bring producing hens to an optimum state of health without affecting their welfare
and in an antibacterial-free manner. This situation has called on researchers to seek
alternatives to optimize egg production, i.e., herbal constituents, as few and incon-
sequential side-effects have been reported with this approach.(> ©) Herbal extracts
have been shown to be innocuous and contribute to maintaining or improving
hen intestinal health while allowing an increase in production without significant
environmental impact.(’ &)

More than 80 % of the egg-producing farms in Mexico are regarded as inten-
sive producers, which entails one single egg-production cycle. Then, the hens are
culled. This decision is primarily based on the fact that egg posture in the second
and third cycles markedly decreases, i.e., 40 % or more. It has been pointed out
that deterioration in eggshell quality as the flock ages is a sizable physiological
puzzle to investigate in laying hens, particularly in second and third-cycle hens. Egg
quality also decreases with age, although egg weight increases, a trait that may be
of little use as eggshell quality, particularly shell thickness and breaking strength,
decreases, rendering many eggs useless.(9) Consequently replacing such hens is
considered more viable than dealing with reduced egg production.(!9) In contrast,
to non-technified and backyard farms, second and even third laying cycles are a
common practice despite the detriment in egg production and quality. The main
surrogate parameter for evaluating egg quality is a firm and full-thickness eggshell,
resistant to cracking and capable of sustaining its typical shape. A significant inverse
relationship between shell thickness and the percentage of cracked eggs has been
identified.(!") Low-quality eggshells in the second laying cycle have been linked to
body changes such as poor intestinal absorption of nutrients, particularly calcium.
We have reported that a modified release preparation of various pharmaceuticals
and nutraceuticals can be designed to improve the absorption capabilities of the
gastrointestinal tract (GIT) of hens and poultry,(12-1%) and that the inclusion of cap-
saicin and calcium in the FOLA pellets improves the bioavailability of calcium in
second cycle hens. A patent has been granted for the pelleted pharmaceutical form
(MX/a/2012/013222) under the name of FOLA (F = bioavailability; O = optimal;
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LA = Long action) as it can improve the bioavailability of calcium from calcium car-
bonate, one of the most inexpensive sources of this element.(12-14)

An additional problem to consider is global climate warming. Laying hens are
among the most sensitive species to heat stress due to their deficient ability to dis-
sipate body heat.('> ') Egg production and health rapidly deteriorate under heat
stress.(1719) The optimum environmental temperature for laying hens has been
set at approximately 20 °C to 25 °C, with minor variations due to hen-line.(16: 17) If
the environmental temperature approaches or exceeds 30 °C, various signs of heat
stress appear, such as a decreased feed intake, lower egg weight, and a distinctive
drop in egg production observed together with increases in flock mortality.(16-19)
Apart from the obvious recommended housing improvement and hen husbandry,
a wide variety of studies have shown that the administration of essential oils and
plant extracts limits the detrimental effects of heat stress in these birds, mainly
when heat stress is not extreme. (20, 21)

In this study, two FOLA-type pellets have been manufactured in an attempt to
sustain both eggshell thickness and egg production in second and even third-cy-
cle hens and also in laying hens exposed to temperatures above their comfort
zone (= 30 °C) in the central part of Mexico during summer. The FOLA-type pel-
lets contain a gastro-retentive vehicle and capsicum or these constituents, plus
cinnamon and turmeric powder. The FDA has already approved cinnamon as
phytoadditive.(?2) It has potent anti-inflammatory, antimicrobial, and antioxidant
properties with free radical scavenging actions and strong inhibitory effects on ni-
tric oxide (NO) production by inhibiting NFip activity.(”) In addition, it has been
shown to reduce the effects of heat stress in poultry,(?2) reducing oxidative activi-
ties in poultry when supplemented in their diets.(2% 24) Also, antiviral, antibacterial,
and antifungal activities(” 2°) have been demonstrated in broiler chickens.(26 27)
Capsicum oleoresin improves immunity and overall gastrointestinal health, enhancing
growth and meat quality even in broiler chickens under heat stress.(’ 28-31)
Turmeric (Curcuma spp.) powder and its main active principle, curcumin (hydro-
phobic polyphenolic phytocompound), possess several therapeutic benefits as
feed-additive in poultry, including disease-resistance featured. Apart from other
potentially active principles, turmeric powder contains curcumin, demethoxycur-
cumin, and bisdemethoxycurcumin.(32) These substances act as antioxidant and
anti-inflammatory agents(>>-3°) and have been chosen as an alternative to antibiotics
in animal feed to improve production.(36:37)

The FOLA formulation manages to maintain the nutrients in the GIT of the
birds for a longer time. Hence, as modified-release pharmaceutical system for an-
tibiotics(12 8) it was thought possible that it could improve the bioavailability of
nutrients and active principles in poultry. Therefore, the working hypothesis for this
trial is that egg production and shell quality in second and third-cycle backyard hens
subjected to moderated heat-stress, will be better sustained with phytocompounds
and calcium carbonate manufactured as for the FOLA design, as compared to un-
supplemented hens.
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Material and methods

Ethical statement

This study was conducted on a family farm in Texcoco, State Mexico. The Subcom-
mittee Institutional for the Care and Use of Experimental Animals of the Faculty
of Veterinary Medicine and Zootechnics at the National Autonomous University of
Mexico (CUEA-FVMZ/NAUM) study number: SICUAE-DC2018/2-1.

Development of the preparations

FOLA-pellets were manufactured as described in Patent MX/a/2012/013222.
Briefly, FOLA-pellets are obtained by extruding corn and wheat flour (1:1) con-
taining modified release vehicles (mentioned in the referred patent), plus 4.1 %
calcium-carbonate.(12, 14)

Animals

A total of 180 Bovans-White weighing 1 570 £ 20 g, laying hens in a second
cycle (> 180 weeks old) and 180 Bovans-White hens in the third cycle (> 270
weeks of age), were included in this trial carried out from August to Mid December
2022. To test FOLA pellet subjected to environmental heat stress, further 90-sec-
ond and third-cycle Bovans-White hens were studied for egg production and egg-
shell thickness during May 2023, the hottest period of the year in the central part
of Mexico, reaching temperatures at or above 30 °C.(?%: 21) Hens were allocated
in groups of three per California-type cage, 40 cm wide, 45 cm deep, and 45 cm
high (600 cm?>/hen). Water was provided ad libitum through cup drinkers (one per
cage), and a 16 light/8 dark h lighting program was established.

Groups

For the posture cycle test, hens were divided into six groups of 30 hens each with the
following designation: GCC2 = control group of the second cycle; GFcC2 = FOLA
group + 2 ppm oleoresin of 500 000 Scoville Heat Units (SHU) (VEPINSA SA de
CV, Sinaloa, Mexico); GfexC2 = FOLA group + 2 ppm oleoresin of 500 000 Scoville
Heat Units + 1 % cinnamon powder (McCormic® food grade) and 1 % turmeric
powder (McCormick® food grade) were added; GCC3 = control group of the
third cycle; GFcC3 = FOLA group + capsicum oleoresin 2 ppm; GFexC3 = FOLA
group + capsicum oleoresin 2 ppm + turmeric powder 1 % + 1 % cinnamon
powder.

The control groups (GCC2 and GCC3) were fed a balanced diet according to
the utilized lineage guidelines in this trial (Table 1). The experimental groups (GFcC2,
GfexC2, GFcC3, GFexC3) were deprived of all the fine and coarse calcium carbon-
ate generally added to the chicken diets, and only the calcium contained as ortho-
phosphate, already present in their feed, was maintained. Calcium requirements
for the experimental hens were met with calcium carbonate FOLA pellets. The rest
of the feed constituents remained the same. Their feed was supplied in a trough
feeder (13.3 cm/hen), and the experimental groups received a dose of 8 g of FOLA
pellets/hen containing 4.1 % calcium carbonate.
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Table 1. Calculated nutrient of the diet in the untreated control groups

Ingredients (kg) _

Corn 595
Soybean meal 48 (%) 267
Soy oil 13.00
Salt 4.00
Calcium carbonate 101.00
Ortophosphate 1 820 11.00
Vitamine! and mineral? premix 3.00
DL-methionine 99 1.98
L-lysine 2.75 2.75
Vitamin B, 0.200
Vitamin B, 0.200
Ronozyme Phytase (GT) 0.100
Total 1 000
Calculated analysis (g/kg)
Meatbolizable energy (kcal/kg) 2859
Crude protein (%) 18.792
Total calcium 4.100
Phosphorus (disp)3.80 0.450
Methionine + Cysteine 4.50 0.800
Lysine (%) 0.980
Triptophan (%) 0.220
Sodium (%) 0.180
Choline (mg/kg) 1022.63
Chlorine (%) 0.275
Linoleic acid (%) 1.867

! Quantity/kg: Retinol 0.9 g, cholecalciferol 0.019 g, d-alpha tocopherol 10.004 g,
phylloquinone 1 g, riboflavin 4 g, cyanocobalamin 0.06 g, pyridoxine 3 g, calcium
pantothenate 13 g, niacin 25 g, biotin 0.063 g, choline chloride 250 g.

2 Quantity/kg: 0.2 g selenium, 0.1 g cobalt, 0.3 g iodine, 10 g copper, 50 g zinc, 100 g
iron, 100 g manganese.

In Table1, the untreated control groups were of second-cycle (GCC2), and third
cycle GCC3 laying hens. Calcium for the experimental hens (GFcC2; GFex2; GFcC3;
GFex3) was incorporated into the FOLA pellets, also as calcium carbonate. The
rest of the feed constituents remained unaltered. To evaluate the possible effect
of calcium primed FOLA-pellets on laying hens under moderate heat-stress, the
body temperature of the hens was individually taken using a thermographic camera
(FLIR®, Figure 1) aiming the eye. Chicken house environmental temperatures were
measured at 13:00, 14:00, and 15:00 h which are considered the hottest months
in the area, with May being the hottest month.(3% 40)
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Figure 1. Representative image of the temperature measurement using FLIR camera.

Statistical evaluation

Vol. 1112024

The thickness of the eggshell was evaluated daily, in the middle zone (between the
poles) with a precision digital Vernier that admits an error of 0.01 mm. These data
were statistically compared using Student's t-tests and no parametric tests (F-test to
compare variances). A statistically significant value was considered when P < 0.05. All
statistical analyses were performed with Prism (GraphPad Software, for macOS, LLC).

Results

Figure 2 shows the mean £ 1 SD of the eggshell thickness of the FOLA-treated and
control groups one week before treatment and three weeks after. Considering the
values from the fourth day of FOLA administration in the experimental groups, the
improvements in thickness were 128 % for GFcC2 and 135 % for GfexC2 as com-
pared to GCC2, and an improvement of 168 9% for GFcC3 and 173 % for GFexC3
as compared to the control group (GCC3). However, groups in which no statistical
significance was found were GfexC2 vs GFexC3 and GFcC2 vs GFexC3 using ANO-

VA and Bonferroni t-tests (P < 0.0500).

Global laying percentages for all groups are depicted in Figure 3, which shows
the daily global mean values £ 1 SD obtained. Also, using ANOVA and Bonferroni
t-tests, results reveal higher values of 185 % superior for GFcC2 and 189 9% for
GfexC2, compared to GCC2. Hens from GFcC3 had 193 % higher laying, and GF-
exC3 197 9%, compared to GCC3. Other comparisons of global laying percentages
showed no statistical differences, i.e, GFcC2 vs. GfexC2 and GFcC2 vs. GFcC3

(P < 0.0500).
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Figure 2. Mean £ 1 SD of eggshell thickness in control groups, and pellet-FOLA calcium-supplemented groups. Basal
data (-1 week) and after treatment (weeks 1-3). GCC2 and GCC3 = control groups for second and third laying
cycles; GFcC2 = FOLA group + capsicum oleoresin two ppm; GfexC2 = FOLA group + capsicum oleoresin + turmeric
powder + cinnamon powder; GCC3 = control group of cycle 3; GFcC3 = FOLA group + capsicum oleoresin two ppm;
GFexC3 = FOLA group + capsaicin + turmeric powder + cinnamon powder.
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Figure3.Mean % 1 SD of laid eggs in control groups, and in pellet-FOLA calcium-supplemented groups. Basal data (-1 week)
and after treatment (weeks 1—3). GCC2 and GCC3 = control groups for second and third laying cycles; GFcC2 = FOLA
group + capsicum oleoresin two ppm; GfexC2 = FOLA group + capsicum oleoresin + turmeric powder + cinnamon
powder; GCC3 = control group of cycle 3; GFcC3 = FOLA group + capsicum oleoresin two ppm; GFexC3 = FOLA
group + capsaicin + turmeric powder + cinnamon powder.
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Figure 4 shows the body temperatures = 1 SD of the untreated control hens
and those of the second and third-cycle hens treated with FOLA. Using ANOVA and
Bonferroni and t-tests, It becomes apparent that from day 4 of treatment onwards,
mean temperatures become statistically distinguishable from untreated control
groups (P < 0.05 in all cases). The GfexC2 group had the lowest mean body tem-
perature (37.8 = 0.2 °C), statistically significant as compared to the GCC3 group,
which had the highest mean body temperature of 29.1 £ 0.5 °C. The groups in
which no statistical differences were found in body temperatures were GCC2 vs
GCC3; GFcC2 vs. GFcC3; GFcC3 vs GFexC3 and GfexC2 vs GFexC3.

Only on some days were the parameters of laying percentage and eggshell
thickness achieved in the GfexC2 groups statistically different from other FOLA-sup-
plemented groups. As already demonstrated in the literature, egg weight increases
in second and third-cycle laying hens (19 11). Hence, measuring this parameter was
omitted in this study. The mean highest in-chicken house temperature during May
2023 was 31 £ 2 °C.

4
40 %
O
S } i % ® GCC2
()
= 3Qm e B GFcC2
: ; 2 L
S exC2
=
S 38 s GCC3
= 0
%‘ } O GFcC3
m 37 A GFexC3
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8 -6 -4 2 4 6 8 10 12 14 16 18 20 22
Time (days)

Figure 4. Mean £ 1 SD of body temperatures measured by FLIR thermographic camera in the eye of egg-producing
hens subjected to moderate heat stress (approximately 30 °C) with the following groups: untreated second and third
cycle hens (GCC2 and GCC3) and in pellet-FOLA calcium-supplemented groups: GFcC2 = FOLA group + capsicum
oleoresin two ppm); GfexC2 = FOLA group + capsicum oleoresin + turmeric powder + cinnamon powder; GFcC3 = FOLA
group + capsicum oleoresin two ppm; GFexC3 = FOLA group + capsaicin + turmeric powder + cinnamon powder.
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Discussion

The commercially viable lifespan of laying hens in intensive farming enterprises is
generally limited to a single cycle of approximately one year(*!) This is due to both
commercial commitments with hatcheries for replacements and the sharp drop in
egg production in hens during the second and third cycles, having drops of approx-
imately 30 9%.(41%2) In a previous study, it was shown that adding calcium carbon-
ate, as in FOLA pellets, improved egg quality in second-cycle laying hens as for the
parameters measured in this trial. Hence, production was maintained as efficiently
as that observed in first cycle hens.(12 14) Nevertheless, it may be possible that the
supplementation with turmeric powder and cinnamon powder could have assisted
the formulation of FOLA-pellets described here, as it has been shown that these
phytoelements improve various performance parameters in poultry.(** %) To pon-
der these results, and despite the benefits outlined, it will be of particular interest
to carry out economic studies in hens that produce eggs for human consumption,
as well as in hens producing fertile eggs for broiler production. In contrast, in the
backyard or small-production egg-producing units, layer hens can be benefited and
have their productive lives extended. Particularly when their replacement is not
possible or unprofitable. Hence, this study can have immediate benefit to this im-
portant sector of the egg-industry. It is essential to add that the production cost of
FOLA pellets is not burdensome, and it is easily offset by the production obtained
from commercially viable eggs.

The production of quality layer eggs depends on many factors, including en-
vironmental stress such as noise, diet adequacy, and whether or not there is heat
stress.(11.19) However, the key features that stand out for their successful marketing
and handling are their integrity and eggshell thickness. To optimize the former fea-
tures, it is critical to enhance blood calcium bioavailability.(12 14 15) n this context, it
is noteworthy that one of the primary sources of calcium in the hens' diet is calcium
carbonate, as it is the most economical source of calcium. Additionally, the added
phytoelements, turmeric and cinnamon powder, are inexpensive enough to be
included in the FOLA treatments without affecting the cost-benefit ratio of the cycle.

Calcium carbonate is the most used ingredient of diets in poultry production.
However, it is the least water-soluble source of calcium, and therefore, absorption
of calcium can be low and unpredictable, particularly in second and third-cycle
laying hens.(12 14) Additionally, it is recognized that not only calcium is deficiently
absorbed, but other nutrients also seem to be affected during the second and
third production cycles, generating a deficient egg-lying performance, as has been
shown in previous works.(10: 14:45) |n this study, it became clear that medication of
second and third-cycle hens with calcium carbonate incorporated in FOLA pellets
and fortified with turmeric and cinnamon powder, achieves a remarkable recovery
of egg production under moderate heat stress conditions. Phytogenic additives
have been proven in multiple trials to be of great importance in improving or con-
tributing to the health of the gastrointestinal tract of poultry and, through this effect,
can significantly improve both their production and welfare.(’ 46) Furthermore, it
has been shown that essential oils and extracts can mitigate the environmental im-
pact of egg production by optimizing the relationship between egg production and
a hen’s food intake.(.48) Thus, the pellet / FOLA design of calcium carbonate with
added phytochemicals meets the demand to design the referred calcium source
that remains available in the gastrointestinal tract of egg-producing hens when it is
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required, e.g,, during the shell formation process at night. This is, in turn, achieved
by the programmed release of calcium carbonate facilitated by vehicles that also
enhance bioavailability.('?) It is also possible to postulate that including phytoaddi-
tives in the FOLA pellets contributes to maintaining better intestinal health, enabling
the modern genetic line of hens to meet their production nutritional requirements.
The theoretical bases of the FOLAs described here have already been published
in part.(12) Nevertheless, assuming that the ideal formula or formulas still require
additional research is feasible. Also, it would be important to carry out studies on
an industrial scale to confirm or discard these results.

Enabling economically viable second and third cycle laying hens with the FOLA-
calcium and phytoelements pellets complies well with breeding companies that
are seeking the development of “long life" laying hens, whose goal is ending up
with laying hens producing 500 eggs in a single continuous cycle of 100 weeks.(!)
This goal has been conceived using selection programs based on phenotype, cross
breed progeny testing, and genotype information derived from DNA markers as-
sociated with phenotypic traits.(9) Nevertheless, proper nutrient supplementation
must be anticipated to meet new physiologial demands, and the formulation of
FOLA-calcium and phytoelements here studied may result adequate.(*!)


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Pythoelements to improve production in laying hens Original Research W i / "

doi: 10.22201/fmvz.24486760e.2024.1253
Vol. 1112024

Data availability
The original datasets used in this research and if applicable, supporting information
files, are deposited and available for download at the SciELO Dataverse repository

(doi: ).

Funding statement
This project was partly financed by a grant from Universidad Nacional Auténoma de
México (www.unam.mx): PAPIIT IT200322.

Conflicts of interest
The authors confirm that they do not have any conflicts of interest.

Author contributions

Conceptualization: H Sumano.

Investigation: L Gutiérrez, Z Sanchez, L Carrillo, CJ Mendoza.
Writing-original draft: L Gutiérrez, H Sumano.

Writing-review and editing: L Gutiérrez, H Sumano.

References

1. SIAP. Escenario mensual de productos agroalimentarios. Ciudad de México,
México: Direccion de Andlisis Estratégico. https://www.gob.mx/cms/uploads/
attachment/file/759467/Huevo_Agosto_2022.pdf

2. FAOSTAT. Statistics division: poultry production and products. Food and Ag-
riculture Organization of the United Nations; 2022. https://www.fao.org/
poultry-production-products/production/es/

3. UNA. México, promedio de consumo anual: 345 huevos por habitante —
Union Nacional de Avicultores;2023. https://una.org.mx/mexico-promedio-
de-consumo-anual-345-huevos-por-habitante/

4. Indarani S, Siddhartha N, Pradip KD. Chapter 14 - Biosecurity strategies for
backyard poultry: a Controlled Way for Safe Food Production. In: Holban AM,
Grumezescu AM, editors. Food Control and Biosecurity. Academic Press, USA;
2018. pp.481-517. doi: 10.1016/B978-0-12-811445-2.00014-3.

5. Mehdi Y, Létourneau-Montminy MP, Gaucher ML, Chorfi Y, Suresh G, Rouissi T,
et al. Use of antibiotics in broiler production: global impacts and alternatives. An-
imal Nutrition. 2018(Jun);4(2):170-178. doi: 10.1016/j.aninu.2018.03.002.

6. Sureshbabu A, Smimova E, Karthikeyan A, Moniruzzaman M, Kalaiselvi S,
Nam K, et al. The impact of curcumin on livestock and poultry animal's per-
formance and management of insect pests. Frontiers in Veterinary Science.
2023;10:1048067. doi: 10.3389/fvets.2023.1048067.

7. Melkamu BZ. Phytogenics as feed aditives in poultry production: a review. Inter-
national Journal of Extensive Research. 2015;3:49-60.

8. Kuctkyilmaz K, Bozkurt M, Herken EN, Cinar M, Catli A, Bintas Y, et al. Effects
of rearing systems on performance, egg characteristics, and immune response
in two layer hen genotype. Asian-Australasian Journal of Animal Science.
2012;25(4):559-568. doi: 10.5713/ajas.2011.11382.

9. LiuY, Uyanga VA, Jiao H, Wang X, Zhao J, Zhou Y, Lin H. Effect of feeding strate-
gies on eggshell quality of laying hens during late laying period. Poultry Science.
2022;102(2):102406. doi: 10.1016/}.ps}.2022.102406.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Pythoelements to improve production in laying hens Original Research W 12 / "

doi: 10.22201/fmvz.24486760e.2024.1253
Vol. 1112024

10. Bell DD, Adams CJ. First and second cycle egg production characteris-
tics in commercial table egg flocks. Poultry Science. 1992;71:448—459.
doi: 10.3382/ps.0710448.

11. Roberts J. Factors affecting egg internal quality and egg shell quali-
ty in laying hens. The Journal of Poultry Science. 2004;41(3):161-177.
doi:10.2141/jpsa.41.161.

12. Carrillo L, Bernad M-J, Monroy-Barreto M, Coello CL, Sumano H, Gutiérrez L.
Higher bioavailability of calcium in chickens with a novel in-feed pharmaceu-
tical formulation. Frontiers in Veterinary Science. 2020;7:343. doi: 10.3389/
fvets.2020.00343.

13. Gutierrez OL, Alcala Y, Bernard MJ, Sumano LH. Incresed bioavailability of ty-
losin phosphate as in-feed medication formulation for long-action pellets in
broilers chickens. Journal of Applied Poultry Research. 2017;27(1):16—22.
doi: 10.3382/japr/pfx035.

14. Sumano H, Carrillo L, Monroy M, Tapia G, Gutierrez L. Bioavailability of four calci-
um sources in the second-cycle egg-producing hens. Journal of Applied Poultry
Research. 2021;30(1):100-106. doi: 10.1016/}.japr.2020.10.005.

15. Abdulhakim S, Salam YA, Reza T. Egg quality and safety with an over-
view of edible coating application for egg preservation. Food Chemistry.
2019(0ct)30;296:29—39. doi: 10.1016/}.foodchem.2019.05.182.

16. Oluwagbenga EM, Fraley GS. Heat stress and poultry production: a comprehen-
sive review. Poultry Science. 2023;103141. doi: 10.1016/].psj.2023.103141.

17. Wasti S, Sah N, Mishra B. Impact of heat stress on poultry health and per-
formances, and potential mitigation strategies. Animals. 2020;10:1-19.
doi: 10.3390/ani10081266.

18. Roberts J. Factors affecting egg internal quality and egg shell quali-
ty in laying hens. The Journal of Poultry Science. 2004;41(3):161-177.
doi: 10.2141/jpsa.41.161.

19. Ahmadi F, Rahimi F. Factors affecting quality and quantity of egg production in
laying hens: a review. World Applied Sciences Journal. 2011;12(3):72—-384.

20. Kim D-H, Lee K-W. An update on heat stress in laying hens. Worlds Poultry
Science Journal. 2023;1-24. doi: 10.1080/00439339.2023.2239769.

21. Kilic I, Simsek E. The effects of heat stress on egg production and quali-
ty of laying hens. Journal of Animal and Veterinary Advances. 2013;12(1).
doi: 10.3923/javaa.2013.42.47.

22. Ali A, Ponnampalam EN, Pushpakumara G, Cottrell JJ, Suleria HAR, Dunshea FR.
Cinnamon: A natural feed additive for poultry health and production: a review.
Animals. 2021;11(7):2026. doi: 10.3390/ani11072026.

23. Yang Y, Zhao L, Shao VY, Liao X, Zhang L, Lu YL. Effects of dietary grad-
ed levels of cinnamon essential oil and its combination with bamboo leaf
flavonoid on immune function, antioxidative ability and intestinal microbi-
ota of broilers. Journal of Integrative Agriculture. 2019;18(9):2123-2132.
doi: 10.1016/520953119(19)62566-9.

24, Yaqoob A, Razzaq A, Igbal S, Hassan O, Ishtiag H, Hussain S, et al. Cinna-
mon bioactives and their impact on poultry nutrition and meat quality - im-
pact on human health. Acta Scientific Nutritional Health. 2022;6(2):29-38.
doi: 10.31080/asnh.2022.06.0990.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Pythoelements to improve production in laying hens Original Research W = /. "

doi: 10.22201/fmvz.24486760e.2024.1253
Vol. 1112024

25. Fariba E, Masoumeh Z, Yousefpoor Y, Alipanah H, Safari E, Osanloo M. An-
ti-inflammatory and anti-nociceptive effects of Cinnamon and Clove essential
oils nanogels: an in vivo study. BMC Complementary Medicin and Therapies.
2022;22(1):1-10.

26. Rao P, Gan S. Cinnamon: a multifaceted medicinal plant. Evidenced-Based Com-
plementary and Alternative Medicine. 2014;2014. doi: 10.1155/2014/642942.

27. Muhammad D, Dewettinck K. Cinnamon and its derivatives as potential in-
gredient in functional food-a review. International Journal of Food Properties.
2017;20(Suppl2):2237—2263. doi: 10.1080/10942912.2017.1369102.

28. Puvata N, Ljubojevi¢ D, Spasevski N, Duragi¢ O, Nikolova N, Prodanovi¢ R,
Boskovi¢ J. Effects of turmeric powder (Curcuma longa) in laying hens nutrition:
table eggs production, quality and lipid profile. Concepts of Dairy & Veterinary
Sciences. 2018;2(1):162—163. doi: 10.32474/cdvs.2018.01.000129.

29. Khan R, Naz M, Nikousefat M, Selvaggi M, Tufarelli V, Laudadio V. The use of
Turmeric (Curcuma longa) in poultry feed. World's. Poultry Science Journal.
2012;68(1):97-103. doi: 10.1017/S0043933912000104.

30. Manjunath M, Yashodhar P. Natural antibiotic effect of turmeric in poul-
try management. International Journal of Poultry and Fisheries Sciences.
2018;2(2):1-2. doi: 10.15226/2578-1898/2/2/00109.

31. Lagand C, Saldanha ESPB, Sartori JR, Turco PHN, Gonzales E, Luciano
RL, et al. Turmeric on poultry production: a review. Agricultural Science.
2019;10(12):1592-1601. doi: 10.4236/as.2019.1012117.

32. Esatbeyoglu T, Huebbe P, Ernst IMA, Chin D, Wagner AE, Rimbach G. Curcum-
in-from molecule to biological function. Angewandte Chemie International Edi-
tion. 2012;51(22):5308-5332. doi: 10.1002/anie.201107724.

33. Hewlings S, Kalman D. Curcumin: a review of its effects on human health.
Foods. 2017;6(10):92. doi: 10.3390/foods6100092.

34. Gera M, Sharma N, Ghosh M, Huynh DL, Lee SJ, Min T, et al. Nanoformulations
of curcumin: an emerging paradigm for improved remedial application. Onco-
target. 2017,8(39):66680-66698. doi: 10.18632/oncotarget.19164.

35. Karthikeyan A, Young KN, Moniruzzaman M, Beyene AM, Do K, Kalaiselvi S,
et al. Curcumin and its modified formulations on inflammatory bowel disease
(IBD): the story so far and future outlook. Pharmaceutics. 2021;13(4):484.
doi: 10.3390/pharmaceutics 13040484.

36. Placha I, Gai F Simonova MP. Natural feed additives in animal nutrition-their
potential as functional feed. Frontiers in Veterinary Science. 2022;9:1062724
doi: 10.3389/978-2-8325-0843-5.

37. Shehata AA, Yalcin S, Latorre JD, Basiouni S, Attia YA, Abd El-Wahab A, et al. Probi-
otics, prebiotics, and phytogenic substances for optimizing gut health in poultry.
Microorganisms. 2022;10(2):395. doi: 10.3390/microorganisms10020395.

38. Gutierrez L, Zermefio J, Alcala YY, Sumano H. Higher bioavailability of doxycy-
cline in broiler chickens with a novel in-feed pharmaceutical formulation. Poultry
Science. 2017;96(8):2662—-2669. doi: 10.3382/ps/pex036.

39. Murray-Tortarolo GN. Seven decades of climate change across Mexico. Atmos-
fera. 2021;34(2):217—226. doi: 10.20937/atm.52803.

40. Weather Spark. El clima en Texcoco, el tiempo por mes, temperatura prome-
dio México. https://es.weatherspark.com/y/6599/Clima-promedio-en-Texco-
c0-M9%C39%A9xico-durante-todo-el-a%C3%B 1o#google_vignette


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

Oa
http://veterinariamexico.fmvz.unam.mx Pythoelements to improve production in laying hens Original Research W i / "

doi: 10.22201/fmvz.24486760e.2024.1253
Vol. 1112024

41. Bain MM, Dunn IC. Increasing persistency in lay and stabilising egg quali-
ty in longer laying cycles. What are the challenges? British Poultry Science.
2016;57(3):330-338. doi: 10.1080/00071668.2016.1161727.

42. Arulnathan V, Turner I, Bamber N, Grassauerf, Doyon M, Pelletier N. A system-
atic review of potential productivity, egg quality, and animal welfare implications
of extended lay cycles in commercial laying hens in Canada. Poultry Science.
2024;103(4):103475. doi: 10.1016/j.ps}.2024.103475.

43. Foluka AA, Olufemi MA. Turmeric (Curcuma longa): an alternative to anti-
biotics in poultry nutrition. Translational Animal Science. 2023;1:txad133.
doi: 10.1093/tas/txad 133.

44, Ali A, Ponnampalam EN, Pushpakumara G, Cottrell JJ, Suleria HAR, Dunshea FR.
Cinnamon: a natural feed additive for poultry health and production-a review.
2021;11(7):2026. doi: 10.3390/ani11072026.

45, Pelicia K, Garcia A, Faitarone G, Silva P, Berto A, Molino B, et al. Calci-
um and available phosphorus levels for laying hens in the second pro-
duction cycle. Brazilian Journal of Poultry Science. 2009;11:39—49.
doi: 10.1590/S51516635X2009000100007.

46. Xiao G, Zheng L, Yan X, Gong L, Yang Y, Qui Q, et al. Effects of dietary es-
sential oils supplementation on egg quality, Biochemical Parameters,
and Gut Microbiota of Late-Laying Hens. Animals. 2022;12(19):2561.
doi: 10.3390/ani12192561.

47. Zhang L, Gao F, Ge J, Li H, Xia F, Bai H, et al. Potential of aromatic plant-de-
rived essential oils for the control of foodborne bacteria and antibiotic re-
sistance in animal production: a review. Antibiotics. 2022;11(11):1673.
doi: 10.3390/antibiotics11111673.

48. Gopi M, Karthik K, Manjunathachar V, Tamilmahan P, Kesavan M, Dashprakash
M, et al. Essential oils as a feed additive in poultry nutrition. Advances in Animal
and Veterinary Sciences.2014;2(1):1-7.

49. O'Sullivan NP. What are the egg traits that further sustainable production? Inter-
national Poultry Production. 2009;17(6):15-16.


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

