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ABSTRACT

The ban of antibiotics encourages the use of probiotics as natural feed additives for poultry. However, the effect of
probiotics highly depends on the quality of drinking water. The use of Magnetic Technology (MT) could improve
water quality, and potentially enhances the efficacy of probiotics. In the present study, the effect of probiotics and
MT in drinking water on the production performance and egg quality of laying hens were evaluated using the
inclusion of either non-encapsulated probiotic (PRO) and encapsulated probiotic (EPRO) along with drinking water
exposure to 2,700 gausses of the magnetic field. A total of 288 57-weeks-old ISA Brown laying hens were randomly
divided into six treatment groups with four replicates of 12 laying hens in each. The treatments consisted of untreated
drinking water (control) and drinking water treated with PRO, EPRO, MT, PRO + MT, and EPRO + MT. The results
indicated a highly significant improvement in feed conversion ratio, income over feed cost, and egg weight, as well as
a significant improvement in egg mass, when EPRO was combined with MT. However, there was no significant
effect on the other variables of the production performance and egg quality. It was, therefore, concluded that the use
of MT with EPRO improved the egg mass, feed conversion ratio, income over feed cost, and egg weight of the laying
hens.
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INTRODUCTION encapsulation technology to protect the active microbial
ingredients against unfavorable environmental conditions
(Yao et al., 2020). In the previous studies, it was reported
that the use of encapsulated ingredients can lead to the
improved production performance, egg quality, and
immune response, as well as increased beneficial bacteria,
and reduced pathogenic bacteria in the small intestine (Lee
et al., 2020; Liu et al., 2020; Natsir et al., 2010). The
application of encapsulation technology also potentially
increases the durability of probiotics, when they are
administered through drinking water.

Many factors may affect the efficacy of probiotics
usage, such as the quality of drinking water. The poorer
water quality, the lower effects of probiotics. Magnetic
Technology (MT) uses a specific level of magnet to
increase the quality of drinking water (Ebrahim and Azab,
2017). The application of MT in drinking water could
improve the production performance, egg quality, and

The use of Antibiotic Growth Promoters (AGPs) is a
strategy to maintain the production and health of laying
hens. However, the use of AGPs has been prohibited due
to the chemical residue and antimicrobial resistance issues.
The use of probiotics (direct-fed microbial) is currently
proposed as an effort to eliminate the use of AGPs.
Probiotics are relatively safe because they will adapt and
symbiose with the intestinal microflora of laying hens. It
will modulate the balance of intestinal microflora, and
improve the immune functions, performance production,
as well as meat and egg quality (Zhang et al., 2012a;
Adhikari et al., 2019; Xiang et al., 2019; Khan et al.,
2020).

Although possessing several beneficial effects,
probiotics are highly susceptible to environmental
changes. Therefore, probiotics need to be prepared by
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reproduction hormones of laying hens (El Sabry et al.,
2018; Mitre, 2018; El Sabry et al., 2020).

To date, the exploration of the association between
probiotics and MT application in laying hens is still
limited. Therefore, the present experiment was designed to
evaluate the effect of the supplementation of either non-
encapsulated probiotic (PRO) or encapsulated probiotic
(EPRO) along with MT-treated drinking water on the
production performance and egg quality of laying hens.

MATERIALS AND METHODS

Materials

A probiotic that contains Lactobacillus sp., Bacillus
sp., Saccharomyces sp., and Pseudomonas sp with a total
CFU of 1.8 x 107 cfu/ml was used in the present research.
Encapsulating process was conducted in the Animal Feed
Industry Laboratory, Faculty of Animal Science,
Universitas Brawijaya, Indonesia. The encapsulation of
probiotics consisted of two coating systems. The first
coating system was chitosan (Amiri et al., 2021), while the
second one was whey protein and Arabic gum (Heidebach
et al., 2012; Zhang et al., 2015; Natsir et al., 2017). A
magnet bar with the size of 20 cm (width) x 10 cm
(length) x 5 cm (height) was used as a source of the
magnetic field. The composition of nutrient content of
AGPs-free feed used in the present research is presented in
Table 1. A total of 288 57-weeks-old ISA Brown laying
hens (PT. Japfa Comfeed Indonesia, Tbk., Indonesia) were
used in the current study to know the effect after a peak
production of laying hens. Each laying hen was placed in a
battery cage of 40 cm (width) x 35 cm (length) x 30 cm
(height).

Ethical approval

All animal housing and experiments conducted in
this research were approved by the animal care and use
committee of Universitas Brawijaya, Indonesia (no. 066-
KEP-UB-2020) which was signed by the head of ethics
(Aulanni’am, Prof. PhD. drh. DES).

Methods

A completely randomized design was used in the
present study. Laying hens were randomly divided into six
treatment groups with four replicates of 12 laying hens in
each. The treatments consisted of untreated drinking water
(control) and drinking water treated with PRO, EPRO,
MT, PRO + MT, and EPRO + MT. According to the
previous study, the optimum level of probiotic
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supplementation (Lactobacillus sp with 1.4 x 10™ cfu/ml)
in laying hens was 0.6% (Pradikta et al., 2018). For that
reason, both probiotics (PRO and EPRO) were supplied at
the level of 0.6% in drinking water. The application of MT
was done by exposing the drinking water to 2,700 gausses
magnetic fields. The treatments were delivered through the
nipple drinking system for six weeks (42 days). The
drinking water was provided ad libitum, while the feed
was supplied once daily by the restricted feeding method
with the amount of 120 g/hen/day (Afandi et al., 2020).

Table 1. Composition of feed ingredients and analyzed
nutrient contents of the feed.

Ingredients Composition (%)
Corn 52.7
Rice brain 13.95
Soybean meal 245
Meat bone meal 4.7
Grit 3.1
Lysine 0.1
Methionine 0.15
Premix? 0.2
Salt 0.2
Monocalcium Phosphate 0.4
Total 100
Nutrient content Value (%)°
Dry Matter 90.28
Metabolism Energy (kcal/Kg) 2,959
Crude Protein 19.44
Crude Fiber 2.95
Crude Fat 4.93
Ash 7.99

®Premix from PT. MITRAVET (Composition/1kg: vitamin A: 2.000.000
IU, vitamin D3: 400.000 IU, vitamin E: 3.000 mg, vitamin K: 400 mg,
vitamin B12: 4 mcg, thiamin HCI/B1: 400 mg, riboflavin HCI/B2: 1.200
mg, pyridoxin HCI/B6: 800 mg, Ca-d-pantothenate: 2.160 mg,
niacinamide: 8.000 mg, folic acid: 200 mg, biotin: 4 mg, L-Carnitine :
10.000 mg, copper sulphate: 4.000 mg, cobalt sulphate: 300 mg, ferro
sulphate: 10.000 mg, Mn oxide: 20.000 mg, sodium selenite: 150 mg,
carrier ad: 1.000 mg). "Nutrient contents expressed as % unless otherwise
stated.

Production performance

The production performance traits observed in the
current study was Feed Intake (FI), Hen Day Production
(HDP), Egg Mass (EM), Feed Conversion Ratio (FCR),
and Income Over Feed Cost (IOFC). Feed Intake was
determined once a week while HDP was registered daily.
The egg mass was calculated by multiplying HDP with the
total EW (Andri et al., 2016). The FCR was calculated by
FI divided by EM (Sjofjan et al., 2020). Income over feed
cost was calculated by subtracting the revenue from egg
selling with total feed cost (Sjofjan et al., 2020).

Egg quality
The observed egg quality variables in the present

study included Egg Weight (EW), Shape Index (SI), Shell
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Weight (SW), Shell Thickness (ST), Haugh Unit (HU),
Albumen Height (AH), Yolk Weight (YW), Yolk Index
(Y1), and Yolk Color (YC). Egg weight was obtained by
weighting the egg with a digital balance. Shape index was
calculated by egg width divided by egg length and then
multiplied by 100 (Alasahan and Copur, 2016). Shell
weight was obtained by weighting the shell with a digital
balance. Shell thickness was determined by using a
micrometer. Haugh unit was calculated using a formula:
100 x log (AH - 1.7 x EW®¥ + 7.57) (Andri et al., 2018).
Albumen height was determined by using a tripod
micrometer. Yolk weight was obtained by weighting the
yolk with a digital balance. Yolk index was calculated by
yolk height divided by yolk diameter and then multiplied
by 100 (Liu et al., 2021). Yolk color was determined by
using DSM yolk color fan with the color score ranging
from one to 15.

Statistical analysis

The data were statistically assessed by the analysis of
variance (ANOVA) using the SPSS software (version 26,
IBM, USA). The difference among the treatments mean

was analyzed by using Duncan’s multiple range test
(Duncan, 1955).

RESULTS

The effect of probiotics and MT application on the
production performance of laying hens can be seen in
Table 2. The use of probiotics and MT had no significant
effect (p > 0.05) on FI. The hens that received EPRO +
MT had a numerically higher HDP than the control group.
The use of EPRO along with MT showed a substantial (p
< 0.05) improvement on EM, and a highly major (p <
0.01) enhancement on FCR and I0OFC as compared to the
control group.

Table 3 shows the effect of probiotic and MT on the
egg quality of laying hens. The hens that received MT +
EPRO treatment had a higher (p < 0.01) EW as compared
to those receiving the control treatment. On the other hand,
there was no significant effect (p > 0.05) of probiotics
inclusion along with MT application on the other traits of
egg quality (SI, SW, ST, HU, AH, YW, Y1, and YC).

Table 2. Effect of drinking water treated with the supplementation of either non-encapsulated probiotic or encapsulated
probiotic along with magnetic technology on production performance of laying hens

Treatment FI HDP EM* FCR** IOFC**
Control 115.51 86.11 52.63°% 2.20° 364.58°
PRO 111.64 90.83 57.11%® 1.96%® 462.96"
EPRO 112.27 90.24 55.88% 2.01%® 482.08°
MT 111.62 87.60 53.97% 2.07% 411.46%°
PRO + MT 111.97 86.30 53.06% 2.12° 384.22%
EPRO + MT 111.96 92.87 58.77° 1.91% 488.71°
SEM 0.60 0.92 0.64 0.03 1155

p-value 0.431 0.191 <0.05 <0.01 <0.01

FI: Feed Intake (g/hen/day), HDP: Hen Day Production (%), EM: Egg Mass (g/hen/day), FCR: Feed Conversion Ratio, IOFC: Income Over Feed Cost
(IDR/hen/day), PRO: Non-encapsulated Probioitc, EPRO: Encapsulated Probiotic, MT: Magnetic Technology, SEM: Standard Error of Means. *° Different
letter indicates significant differences between the means. *Superscript shows a significant difference (p < 0.05). **Superscript shows a highly significant

difference (p < 0.01).

Table 3. Effect of drinking water treated with the supplementation of either non-encapsulated probiotic or encapsulated
probiotic along with magnetic technology on egg quality of laying hens

Treatments EW** Sl SW ST HU AH YW Yl YC

Control 61.11*  75.96 7.58 0.57 72.49 5.72 16.50 40.96 8.08
PRO 62.86™  78.36 7.71 0.55 77.73 6.37 17.04 42.39 7.67
EPRO 61.97%  78.13 7.88 0.58 83.41 7.37 17.17 43.69 7.63
MT 61.59®  75.66 7.29 0.56 76.46 6.34 16.83 42.93 7.63
PRO + MT 6151  76.85 7.38 0.56 79.53 6.65 16.75 42.31 7.63
EPRO + MT 63.29° 77.26 7.58 0.55 82.15 7.17 17.29 41.95 7.46
SEM 0.21 0.36 0.16 0.01 1.20 0.18 0.11 0.30 0.08
p-value <0.01 0.143 0.114 0.664 0.076 0.073 0.389 0.141  0.307

EW: Egg Weight (g), SI: Shape Index, SW: Shell Weight (g), ST: Shell Thickness (mm), HU: Haugh Unit, Albumen Height (mm), YW: Yolk Weight (g), YI:
Yolk Index, YC: Yolk Color, PRO: Non-encapsulated Probioitc, EPRO: Encapsulated Probiotic, MT: Magnetic Technology, SEM: Standard Error of Means.
> Different letter indicates significant differences between the means. **Superscript showed a highly significant difference (p < 0.01).
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DISCUSSION

The effect of probiotics inclusion and magnetic
technology application in drinking water on
production performance of laying hens

The application of MT in drinking water showed a
numerical reduction in FI. The use of MT improved the
quality of drinking water, which may improve the
gastrointestinal system, and support the absorption of
nutrients and energy. Fulfilling the energy requirements
will decrease the feed intake. In line with this finding, the
use of magnetic water treatment also improved the growth
performance, feed efficiency, productivity, and health of
poultry (El-Katcha et al., 2017; EIl-Sabrout and El-
Hanoun, 2019).

The use of EPRO + MT numerically increased HDP
and significantly improved EM of laying hens. This result
indicated that the encapsulation technology successfully
enhances the efficacy of probiotic administration. In the
present study, the probiotic was encapsulated using
chitosan, whey protein, and Arabic gum. It was reported
that the use of chitosan could protect the probiotic during
transporting inside the gastrointestinal system (Calinoiu et
al., 2019). The use of whey protein as an encapsulant also
increased egg production of laying hens (Pineda-Quiroga
et al., 2017). In another study, liquid whey inclusion in
drinking water also improved hens’ performance by
modifying gut pH and microflora (Bouassi et al., 2021).
Moreover, the positive effect of EPRO is also supported
with MT application in drinking water. Magnetic
technology could improve water quality (Ebrahim and
Azab, 2017), which then could provide a favorable
environment for probiotic administration. It was, therefore,
speculated that the encapsulation technology along with
MT application in drinking water could efficiently deliver
the probiotics into the intestinal environment. After that,
the probiotics could improve the balance of intestinal
microflora, preventing the growth of pathogenic microbes,
and supporting the digestive system (De Vrese and
Schrezenmeir, 2008), which ultimately could improve
HDP and EM of laying hens.

The hens in EPRO + MT group significantly had
better FCR and IOFC as compared to those in the control
group. Feed conversion ratio is the result of feed intake
divided by egg mass of laying hens. The hens that received
EPRO + MT treatment had the best result on FCR (1.91).
This result was mainly driven by the higher EM in EPRO
+ MT treatment. The results in the current study were in
harmony with the findings of El-Katcha et al. (2017) who
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reported that using the magnetic water treatment improved
the feed efficiency. Hosseini and Meimandipour (2018)
also reported that the use of chitosan as an encapsulant
could improve FCR as compared to the control treatment.
A better FCR also indicated that the use of feed was
efficient to produce an egg. This result was then followed
by a better IOFC. Income over feed cost is an income
obtained based on the revenue from egg production of
layer hens compared to the feed cost. The hens in EPRO +
MT group showed the highest result on IOFC (488.71
IDR/hen/day) as compared to other treatments.

The effect of probiotics inclusion and magnetic
technology application in drinking water on egg quality
of laying hens

The combination of EPRO and MT showed the best
results on EW. This result was similar to the previous
study which found that probiotic supplementation
increased EW compared to the control group (Mazanko et
al., 2018; Alaqil et al., 2020). These results indicated that
using probiotics in drinking water with encapsulation and
MT was more effective to improve the EW of laying hens.
The use of MT tended to decrease Sl, compared to the
treatments without MT. The shape index was classified
into three categories namely sharp (< 72), standard (72-
76), and round (> 76) (Duman et al., 2016). The result of
using probiotics and MT administration showed no
significant effect on SW and ST. However, MT
application generally tended to decrease SW and ST. Each
eggshell contained up to three grams of calcium (Roberts,
2004). The magnetic field inhibited calcium carbonate
formation in water (Jiang et al., 2015), which consequently
reduced the calcium concentration in water (Gabrielli et
al., 2001), and ultimately decreased SW and ST.

The treatments using probiotics had numerically
better results on HU and AH than the treatment without
them. Probiotics increased the population of lactic acid
bacteria, and optimized nutrient absorption (Peralta-
Sanchez et al., 2019). This circumstance stimulated amino
acid production that balanced ovomucin and lecithin for
improving egg quality, mainly HU (Sjofjan et al., 2020).

The treatments had no significant effect on YW, YI,
and YC. These results were in agreement with Baghban-
Kanani et al. (2019) who found that probiotics did not
affect EW and YW. In contrast, Zhanget al. (2012b)
found that YW in probiotic-based treatments was
significantly decreased, compared with the control group.
Mazanko et al. (2018) stated that using probiotic
supplements increased Y| in laying hens. In another study,
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Zhanget al. (2012b) reported that probiotics had no
significant effect on YC.

CONCLUSION

It could be concluded that the application of encapsulation
technology on probiotics and the magnetic technology on
drinking water had the best result on the improvement of
egg mass, feed conversion ratio, income over feed cost,
and egg weight of laying hens.

DECLARATIONS

Acknowledgment

The authors acknowledge financial support by the
Higher Education Excellence Research program from the
Ministry of National Education and Culture of Indonesia.

Competing interests

Authors declare that we have no financial and
personal relationships with other people or organizations
that can inappropriately influence the present work, there
is no professional or other.

Authors’ contributions

Professor MHN did the methodology, reviewed, and
edited the manuscript. Dr. OS analyzed the data. Dr. AM
analyzed magnetized drinking water. FM did the
experiments, collected the samples, and wrote the original
draft. All authors did the validation, investigation, and
approved the final manuscript.

REFERENCES

Adhikari P, Lee CH, Cosby DE, Cox NA, and Kim WK (2019). Effect of
probiotics on fecal excretion, colonization in internal organs and
immune gene expression in the ileum of laying hens challenged
with Salmonella Enteritidis. Poultry Science, 98: 1235-1242. DOI:
https://www.doi.org/10.3382/ps/pey443

Afandi R, Hartono B, and Djunaidi | (2020). The analysis of production
costs of laying hen farms using semi self-mixing and total self-
mixing feeds in Blitar Regency, East Java. Tropical Animal Science
Journal, 43(1): 70-76. DOl:
https://doi.org/10.5398/tasj.2020.43.1.70

Alagil AA, Abbas AO, El-Beltagi HS, El-Atty HKA, Mehaisen GMK,
and Moustafa ES (2020). Dietary supplementation of
probiotic Lactobacillus acidophilus modulates cholesterol levels,
immune response, and productive performance of laying hens.
Animals, 10(9): 1588. DOl:
https://www.doi.org/10.3390/ani10091588

Alasahan S, and Copur AG (2016). Hatching characteristics and growth
performance of eggs with different egg shapes. Brazilian Journal of
Poultry Science, 18(1): 1-8. DOI: http://dx.doi.org/10.1590/1516-
635x1801001-008

208

Amiri N, Afsharmanesh M, Salarmoini M, Meimandipour A, Hosseini
SA, and Ebrahimnejad H (2021). Nanoencapsulation (in vitro and
in vivo) as an efficient technology to boost the potential of garlic
essential oil as alternatives for antibiotics in broiler nutrition.
Animal, 15(1): 100022.
https://doi.org/10.1016/j.animal.2020.100022

Andri F, Sukoco A, Hilman T, and Widodo E (2016). Effect of adding
tomato powder to fish oil-containing diet on performance and egg
quality of native laying hens. Livestock Research for Rural
Development, 28 (12), p.221. Available at
http://www.Irrd.org/Irrd28/12/andr28221.html

Andri F, Widodo E, and Djunaidi IH (2018). Effects of dietary sardine oil
and tomato powder supplementation on laying performance and egg
quality of Mojosari duck. Livestock Research for Rural
Development, 30 (2), p.32. Auvailable at
http://www.lrrd.org/lrrd30/2/faiz30032.html

Baghban-Kanani P, Hosseintabar-Ghasemabad B, Azimi-Youvalari S,
Seidavi A, Ragni M, Laudadio V, and Tufareli V (2019). Effects of
using Artemisia annua leaves, probiotic blend and organic acids on
performance, egg quality, blood biochemistry, and antioxidant
status of laying hens. Journal of Poultry Science, 56: 120-127. DOI:
https://doi.org/10.2141/jpsa.0180050

Bouassi T, Libanio D, Mesa MD, Oke OE, Hernandez AH, Tona K, and
Ameyapoh Y (2020). Supplementation with liquid whey and
ACIDAL® ML in drinking water affect gut pH and microflora and
productive performance in laying hens. British Poultry Science,
62(1): 138-146. DOL:
https://doi.org/10.1080/00071668.2020.1824291

Calinoiu LF, Stefanescu BE, Pop ID, Muntean L, Vodnar DC (2019).
Chitosan coating applications in probiotic microencapsulation.
Coatings, 9(3): 194. DOI:
http://dx.doi.org/10.3390/coatings9030194

De Vrese M, and Schrezenmeir J (2008). Probiotics, prebiotics and
synbiotics. Advances in Biochemical Engineering/Biotechnology,
111: 1-66. DOI: https://doi.org/10.1007/10_2008 097

Duman M, Sekeroglu A, Yildirrm A, Eleroglu H, and Camc1 O (2016).
Relation Between Egg Shape Index and Egg Quality
Characteristics. European Poultry Science, 80: 1-9. DOL:
https://doi.org/10.1399/eps.2016.117

Duncan DB (1955). Multiple range and multiple F tests. Biometrics 11,
1-42. DOI: https://doi.org/10.2307/3001478

Ebrahim SA, and Azab AE (2017). Biological effects of magnetic water
on human and animals. Biomedical Sciences, 3(4): 78-85. DOI:
http://doi.org/10.11648/j.bs.20170304.12

El Sabry MI, Abdelfattah MH, Abdellatif HA, Aggrey SE, and Elnesr SS
(2020). Physicochemical properties of magnetic water and its effect
on egg production traits in hens at late laying period. The Journal of
Animal and Plant Sciences, 31(1): 317-321. DOLl:
https://doi.org/10.36899/JAPS.2021.1.0219

El Sabry MI, Charal JW, McMillin KW, and Lavergne TA (2018). Does
magnetized drinking water affect productivity and egg quality of
layers. Egyptian Journal of Animal Production, 55(2): 117-123.
DOI: https://dx.doi.org/10.21608/ejap.2018.93244

El-Katcha M, Soltan M, El-Naggar K, and Farfour H (2017). Effect of
magnetic water treatment and some additives on growth
performance, some blood biochemical parameters and intestinal
health of growing pekin ducklings. Alexandria Journal of
Veterinary Sciences, 53: 143-156. DOI:
https://dx.doi.org/10.5455/ajvs.249419

El-Sabrout K, and EI-Hanoun A (2019). Does magnetised drinking water
influence poultry's health and production. World's Poultry Science
Journal, 75:3, 411-416.
https://doi.org/10.1017/S0043933919000266



https://www.doi.org/10.3382/ps/pey443
https://doi.org/10.5398/tasj.2020.43.1.70
https://www.doi.org/10.3390/ani10091588
http://dx.doi.org/10.1590/1516-635x1801001-008
http://dx.doi.org/10.1590/1516-635x1801001-008
https://doi.org/10.1016/j.animal.2020.100022
http://www.lrrd.org/lrrd28/12/andr28221.html
http://www.lrrd.org/lrrd30/2/faiz30032.html
https://doi.org/10.2141/jpsa.0180050
https://doi.org/10.1080/00071668.2020.1824291
http://dx.doi.org/10.3390/coatings9030194
https://doi.org/10.1007/10_2008_097
https://doi.org/10.1399/eps.2016.117
https://doi.org/10.2307/3001478
http://doi.org/10.11648/j.bs.20170304.12
https://doi.org/10.36899/JAPS.2021.1.0219
https://dx.doi.org/10.21608/ejap.2018.93244
https://dx.doi.org/10.5455/ajvs.249419
https://doi.org/10.1017/S0043933919000266

J. World Poult. Res., 11(2): 204-209, 2021

Gabrielli C, Jaouhari R, Maurin G, and Keddam M (2001). Magnetic
water treatment for scale prevention. Water Research, 35(13):
3249-3259. DOI: https://doi.org/10.1016/S0043-1354(01)00010-0

Heidebach T, Forst P, and Kulozik U (2012). Microencapsulation of
probiotic cells for food applications. Food Science and Nutrition,
52(4): 291-311. http://dx.doi.org/10.1080/10408398.2010.499801

Hosseini SA, and Meimandipour A (2018). Feeding broilers with thyme
essential oil loaded in chitosan nanoparticles: An efficient strategy
for successful delivery. British Poultry Science, 59(6): 669-678.
DOI: https://doi.org/10.1080/00071668.2018.1521511

Jiang L, Zhang J, and Li D (2015). Effects of permanent magnetic field
on calcium carbonate scaling of circulating water. Desalination and
Water Treatment, 53(5): 1275-1285. DOl:
https://doi.org/10.1080/19443994.2013.850450

Khan S, Moore RJ, Stanley D, and Chousalkar K (2020). Gut microbiota
of laying hens and its manipulation with prebiotics and probiotics to
enhance gut health and food safety. Applied and Environmental
Microbiology, 86(13): 1-18. DOI:
https://doi.org/10.1128/ AEM.00600-20

Lee J, Kim D, Kim Y, Jeong S, Oh S, Cho S, and Lee K (2020). Dietary
encapsulated essential oils improve production performance of
coccidiosis-vaccine-challenged broiler chickens. Animals, 10(3):
481. DOI: https://doi.org/10.3390/ani10030481

Liu X, Liu W, Deng Y, He C, Xiao B, Guo S, Zhou X, Tang S, and Qu X
(2020). Use of encapsulated Bacillus subtilis and essential oils to
improve antioxidant and immune status of blood and production
and hatching performance of laying hens, Italian Journal of Animal
Science, 19(1): 1573-1581. DOI:
https://doi.org/10.1080/1828051X.2020.1862715

Liu X, Liu X, Yao Y, Qu X, Chen J, Xie K, Wang X, Qi Y, Xiao B, and
He C (2021). Effects of different levels of Hermetia illucens larvae
meal on performance, egg quality, yolk fatty acid composition and
oxidative status of laying hens. Italian Journal of Animal Science,
20(1): 256-266. https://doi.org/10.1080/1828051X.2021.1878946

Mazanko MS, Gorlov IF, Prazdnova EV, Makarenko MS, Usatov AV,
Bren AB, Chistyakov VA, Tutelyan AV, Komarova ZB, Mosolova
NI, Pilipenko DN (2018). Bacillus probiotic supplementations
improve laying performance, egg quality, hatching of laying hens,
and sperm quality of roosters. Probiotics and Antimicrobial
Proteins, 10(2): 367-373. DOI: https:/doi.org/10.1007/s12602-017-
9369-4

Mitre K (2018). The effect of magnetic water on feed conversion ratio,
body weight gain, feed intake and livability of male broiler
chickens. Poultry Science Undergraduate Honors Theses Poultry
Science, University of Arkansas, Fayetteville Arkansas, pp. 3-14.
Auvailable at: https://scholarworks.uark.edu/poscuht/5

Natsir MH, Sjofjan O, and Muharlien (2017). The effect of used form
and level green cincau leaves (Cycleabarbata L. Miers) as feed
additive on broiler performance production. Research Journal of
Life Science, 4(2): 87-96.
https://doi.org/10.21776/ub.rjls.2017.004.02.1

Natsir MH, Sjofjan O, Umam K, Manab A, and Widodo E (2010).
Effects of liquid and encapsulated lactic acid in broiler diets on

209

performances, intestinal characteristics and intestinal microflora.
Journal  of  Poultry  Science, 47(3): 240-243. DOI:
https://doi.org/10.2141/jpsa.009099

Peralta-Sanchez JM, Martin-Platero AM, Ariza-Romero JJ, Rabelo-Ruiz
M, Zurita-Gonzélez MJ, Bafios A, Rodriguez-Ruano SM, Maqueda
M, Valdivia E, and Martinez-Bueno M (2019). Egg production in
poultry farming is improved by probiotic bacteria. Frontiers in
Microbiology, 10: 1042. DOI:
https://doi.org/10.3389/fmich.2019.01042

Pineda-Quiroga C, Atxaerandio R, Zubiria 1, Gonzalez-Pozuelo I,
Hurtado A, Ruiz R, and Garcia-Rodriguez A (2017). Productive
performance and cecal microbial counts of floor housed laying hens
supplemented with dry whey powder alone or combined with
Pediococcus acidilactici in the late phase of production. Livestock
Science, 195: 9-12. DOI:
https://doi.org/10.1016/j.livsci.2016.11.007

Pradikta RW, Sjofjan O, Djunaidi IH (2018). Evaluasi penambahan
probiotik (Lactobacillus sp) cair dan padat dalam pakan terhadap
penampilan produksi ayam petelur [Indonesian]. Jurnal limu-limu
Peternakan, 28(3): 203-212. DOI:
http://dx.doi.org/10.21776/ub.jiip.2018.028.03.03.

Roberts JR (2004). Factors affecting egg internal quality and egg shell
quality in laying hens. Journal of Poultry Science, 41: 161-177.
DOI: https://doi.org/10.2141/jpsa.41.161

Sjofjan O, Natsir MH, Adli DN, Adelina DD, and Triana LM (2020).
Effect of symbiotic flour (Lactobacillus sp. and fos) to the egg
quality and performance of laying hens. In IOP Conference Series:
Earth and Environmental Science, 465(1): p.012033. DOI:
http://doi.org/10.1088/1755-1315/465/1/012033

Xiang Q, Wang C, Zhang H, Lai W, Wei H, and Peng J (2019). Effects
of different probiotics on laying performance, egg quality, oxidative
status, and gut health in laying hens. Animals, 9(12): 1110. DOI:
https://doi.org/10.3390/ani9121110

Yao M, Xie J, Du H, McClements DJ, Xiao H, and Li L (2020). Progress
in microencapsulation of probiotics: A review. Comprehensive
Reviews in Food Science and Food Safety, 19(2): 857-874. DOI:
https://doi.org/10.1111/1541-4337.12532

Zhang J, Du P, Gao J, Yang B, Fang W, and Ying C (2012a).
Preoperative  probiotics  decrease  postoperative infectious
complications of colorectal cancer. The American Journal of the
Medical Sciences, 343(3): 199-205. DOl:
https://doi.org/10.1097/MAJ.0b013e31823aace6

Zhang JL, Xie QM, Ji J, Yang WH, Wu YB, Li C, Ma JY, and Bi YZ
(2012b). Different combinations of probiotics improve the
production performance, egg quality and immune response of layer
hens. Poultry Science, 91: 2755-2760. DOI:
https://doi.org/10.3382/ps.2012-02339

Zhang L, Li J, Yun TT, Qi WT, Liang XX, Wang YW, and Li AK
(2015). Effects of pre-encapsulated and pro-encapsulated
Enterococcus  faecalis on  growth  performance, blood
characteristics, and cecal microflora in broiler chickens. Poultry
Science, 94(11): 2821-2830. https://doi.org/10.3382/ps/pev262



https://doi.org/10.1016/S0043-1354(01)00010-0
http://dx.doi.org/10.1080/10408398.2010.499801
https://doi.org/10.1080/00071668.2018.1521511
https://doi.org/10.1080/19443994.2013.850450
https://doi.org/10.1128/AEM.00600-20
https://doi.org/10.3390/ani10030481
https://doi.org/10.1080/1828051X.2020.1862715
https://doi.org/10.1080/1828051X.2021.1878946
https://doi.org/10.1007/s12602-017-9369-4
https://doi.org/10.1007/s12602-017-9369-4
https://scholarworks.uark.edu/poscuht/5
https://doi.org/10.21776/ub.rjls.2017.004.02.1
https://doi.org/10.2141/jpsa.009099
https://doi.org/10.3389/fmicb.2019.01042
https://doi.org/10.1016/j.livsci.2016.11.007
http://dx.doi.org/10.21776/ub.jiip.2018.028.03.03
https://doi.org/10.2141/jpsa.41.161
http://doi.org/10.1088/1755-1315/465/1/012033
https://doi.org/10.3390/ani9121110
https://doi.org/10.1111/1541-4337.12532
https://doi.org/10.1097/MAJ.0b013e31823aace6
https://doi.org/10.3382/ps.2012-02339
https://doi.org/10.3382/ps/pev262

	ABSTRACT 
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Materials 
	Ethical approval 
	Methods 
	Table 1. Composition of feed ingredients and analyzed nutrient contents of the feed.
	Production performance 
	Egg quality 
	Statistical analysis  

	RESULTS 
	Table 2. Effect of drinking water treated with the supplementation of either non-encapsulated probiotic or encapsulated 
	Table 3. Effect of drinking water treated with the supplementation of either non-encapsulated probiotic or encapsulated 

	DISCUSSION 
	The effect of probiotics inclusion and magnetic technology application in drinking water on production performance of laying hens  
	The effect of probiotics inclusion and magnetic technology application in drinking water on egg quality of laying hens 

	CONCLUSION 
	DECLARATIONS 
	Acknowledgment 
	Competing interests 
	Authors’ contributions 

	REFERENCES 

