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ABSTRACT: This study aimed to investigate the effect of magnetic field on physicochemical properties of
water and evaluating the effects of the magnetized water (MW) on the productive performance, liver
enzymes, and histological structure of spleen and kidney of rabbits. Water samples were collected to
determine pH and electrical conductivity (EC), and water structure was investigated by Transmission
Electron Microscopy (TEM). Twenty-four weaned Rex rabbits, 21 d old, were allotted into two
experimental groups: the first group was assigned as control, received regular tap water (TW), and the
treated group, received MW, for 5 weeks. Productive traits were recorded weekly and at the end of the
experiment, blood, spleen and kidney samples were collected for examinations. Results showed that pH
and EC of MW were higher than those of TW. In addition, the arrangement MW cluster showed a unique
alteration on the nano-scale. Growth performance indicators were similar in both experimental
treatments, except FCR of the MW rabbits was better than that of the TW rabbits. The MW had no
significant effect on plasma concentration of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and creatinine in growing Rex rabbits received
MW in comparison with those received regular TW. Spleen histological structure of rabbits of both
groups was normal. However, the epithelial cells lining renal tubules of kidneys of rabbits in MW group
appeared large with basophilic nuclei in comparison with TW group. Conclusively, magnetic field altered
the physicochemical properties of water. The MW may consequently increase blood glucose level and
spleen weight %, enhance kidney structure and improve FCR in growing rabbits. Moreover, more studies
are still needed to know the benefits of providing the magnetized water to animals.
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INTRODUCTION

Many countries are facing critical challenges due to adverse impacts of climate change such water stress and the
increase in temperature (El Sabry et al., 2023; Ebeid et al., 2023). Water is a vital nutrient in animal feeding. Thus, water
quality, including the water content of minerals, could influence the performance of animals and the quality of their
products (WHO, 1996; El Sabry et al., 2018; Aggrey et al., 2023).

Magnetized water (MW) application is exposing water to a magnetic field that alters the configuration of water
clusters and the physical structure of water salts content (Alabi et al., 2015; Lingdinger 2021, El Sabry et al., 2022). In
this context, Lingdinger (2021) suggested that the structured water (SW) cluster has a very structured and hexameric
configuration, while the regular water cluster may have 3-dimensional shapes. Also, several studies reported that some
physicochemical properties of water are affected by the magnetic field such as average size of water cluster, and induced
changes in water pH, EC, and viscosity (Cheng and Weng, 2006; Cai et al. 2009; Alabi et al., 2015; El Sabry et al.,
2018). However, the structuring mechanism is still poorly understood. Thus, MW/SW application has been suggested for
improving water quality and mitigating salinity problems. It also has improved water quality and wellness, productivity,
and reproductivity of animals (EI-Hanoun et al., 2013; Zayed et al., 2018; El Sabry et al., 2021). It was reported that MW
enhanced growth performance in growing rabbits (Helal et al., 2022), fertility in rabbit bucks (Attia et al., 2015), milk yield
in dairy ewes (Shamsaldain and Al-Rawee, 2012), weight gain in geese (El-Hanoun et al., 2017) and egg production and
hatchability in turkey (Ebrahim and Azab, 2017). Moreover, Zayed et al. (2018) found that MW had a protective effect on
the kidney and maintained its structure in type-2 diabetic rats. On the other hand, other studies showed that MW did not
affect the performance and livability of broiler chickens (Alhassani and Amin, 2012) and goats (Sargolzehi et al., 2009).

The abovementioned examples show a kind of contradiction about the effects of the MW application in farm animals’
production. In addition, there is a lack of information about the influences of MW on the function and histological
structure of organs. Therefore, this study aimed to study the effect of MW on the performance traits, liver and kidney
functions, and the spleen and kidney structure in rabbits.
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MATERIALS AND METHODS

In the current study, twenty-four weaned Rex rabbits (three weeks old) of mixed sexes (1 male: 1 female) were used. In a
semi-closed house, rabbits were kept individually in galvanized wire cages (40x50%x35 cm3) equipped with feeders and
polyvinylchloride water lines. The ambient temperature ranged between 21°C and 26°C. The animals were randomly
assigned into two experimental groups (12 rabbits per group): the control group, where rabbits received regular TW, and
the treated group, where rabbits received MW. Before, starting the experiment, all rabbits were weighed individually to
record the average of initial body weight of the rabbits of the control and treated groups, which were 370 + 35 g and 368
+ 38 g, respectively. A standard growing diet was provided to rabbits ad libitum throughout the experimental period.

Strength and duration of water magnetization

The treated group (MW) received water was magnetized by exposing to 0.3 Tesla magnet apparatus (magnets
obtained from K&J Magnetics, Inc., Pipersville, PA, USA) by fixing the magnet apparatus directly to the exterior surface of
the polyvinylchloride water line through the experimental period to guarantee the exposure of fresh water to the magnetic
field. The control group received regular tap water (Figure 1).
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Figure 1 - The water supply for experimental animals showing magnetization process

Physicochemical properties of water

Three samples of water from both treatments were taken weekly to measure the key indicators of water structuring
including pH using pH meter (805 MP, FISHER, Germany) and electric conductivity (EC) using a conductivity meter (mS m-
1) (WTW LF315 Conductivity Meter, UAS) at room temperature. After five weeks, water samples were also collected to
determine the structure of clusters of water molecules using transmission electron microscope (JEOL JEM-1400, USA).

Blood biochemical parameters

Blood samples were collected from the jugular vein during slaughter bleeding into heparinized tubes for biochemical
studies. Concentrations of blood plasma glucose (Glu), creatinine (CR), activities of alanine and aspartate
aminotransferase (ALT, AST), and alkaline phosphatase (ALP) all were measured using colorimetric methods according to
the instructions of the manufacturer.

Productive performance of rabbits

The feed intake and growth rate of rabbits were individually recorded weekly. By the end of the experiment at 56 day
of age, rabbits were humanely sacrificed according to the Islamic method to determine the carcass composition.
The relative organ weights as a percentage of the live body weight were also determined.

Spleen and kidney histological structure

For the histopathological investigation, five specimens from spleens and kidneys from both groups were taken and
fixed in 10 % neutral formalin for 48 h. The tissues were dehydrated in graded concentrations of ethanol and cleared in
xylene and then they were embedded in paraffin blocks. The tissues were cut into 5 pym thick sections and stained with
hematoxylin and eosin. Five sections per group were examined using CX 31 light microscope (Olympus, Japan).

Statistical analysis

Data were analyzed using the SAS program (Version 9.4, 2013). A T-test was performed, where the magnetic field is
the main effect on water pH and EC. Also, data of biochemical parameters and growth performance traits were analyzed
using one-way analysis of variance. The following model was used:

Yij=p + Li + eij
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Where: Yij: The jt observation within the it line. y: The overall mean. Li: The effect of the it type of water. Eij: Random
error. Standard errors: SE. Means values were separated, when significance existed, using Duncan's multiple range test
(Duncan's, 1955). Significance level was set at 5%.

RESULTS

Physicochemical properties of water

The pH value of the MW was higher than (7.20) the pH value of regular TW (6.82) (P<0.01). The mean of electrical
conductivity (EC) of the MW420.3 mS.m-1 was greater than the EC of regular water 393.5 mS.m-1 (P<0.01). The
transmission electron microscope of magnetized and regular water drops revealed the differences in the structure of
water clusters on the nano-scale, which is suggested to be used as proof of the effect of the magnetic field on the water
properties (Figures 2 and 3). The molecules of TW did not exhibit a distinct arrangement (Figure 2a). After passing water
through the magnetic field, the molecules of the water droplet had a clear spherical shape border and the overview of the
arrangement of the molecules appeared like a tree shape (Figure 2b). In Figure (3) edges of water clusters of magnetized
and regular (un-magnetized) water clusters were different, being the edge of the MW cluster was well organized as well as
the size of water molecules ranged from 9 to 12.7 nm (Figure 3b). While, the periphery of the TW cluster showed a lack of
clear organization, with larger molecules measuring between 29.6 and 58.1 nm present (Figure 3a) (Figure 3a).

Figure 2 - Arrangement of salts molecules in a) regular water; b) magnetized water molecules arrangement appeared like
a tree shape, using transmission electron microscope (20000X).
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Figure 3 - Arrangement of water cluster molecules: a) regular water, a malformation at the edges of water clusters; b)
magnetized water, molecules of water cluster are well structured (Transmission electron microscope, 120000X).
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Blood biochemical parameters of growing Rex rabbits

Table 1 shows the biochemical response of growing Rex rabbits. No significant changes were found in plasma
content of ALT, AST, ALP, and creatinine with a numerical increase in the group that received MW than those that received
regular TW. Only glucose levels were significantly increased in groups that received MW (P<0.05).

Productive traits, carcass and organs relative weight

Throughout the experimental period, the growth performance traits of rabbits of MW or TW groups showed
insignificant differences (P>0.05). At slaughter age (56 d of age), final body weight, feed intake, and fur weight of rabbits
received either magnetized or regular drinking water were similar (Table 2). But, feed conversion ratio of the MW rabbits
was better than that of the TW rabbits (P=0.052) .The relative weight of liver, spleen, and kidney of rabbits received either
MW or regular TW were similar and within normal ranges (Table 3).

Table 1 - Biochemical parameters of rabbits received either regular (control) or magnetized water at 56 d of age

Parameter Control MW P-Value
Glucose concentration (mg/dl) 84.252 + 2.61 94.445 + 2.92 <0.05
ALT (U/L) 250+ 0.17 3.00 £ 0.18 NS
AST (U/L) 1.75+0.20 1.38 £ 0.22 NS
Alkaline phosphatase (U/L) 68.25 £ 5.02 66.81 + 5.61 NS
Creatinine (mg/dl) 0.60 + 0.04 0.68 + 0.04 NS

*No significant differences between treatments were observed; ALT: Alanine aminotransferase, AST: Aspartate aminotransferase

Table 2 - Productive traits and relative weight of carcass and organs of rabbits received either regular (control) or
magnetized drinking water (MW) at 56 d of age.

Rabbit productive traits Control MW P-Value
Initial body weight (g) 370+ 35 368 £+ 38 0.70
Final body weight (g) 1584 + 37 1677 + 38 0.20
Total feed intake (g) 3551 + 83 3507 £ 89 0.72
Feed Conversion Ratio 2.92 + 0.05 2.67 £ 0.05 0.052

Means + SE, within row, with different superscripts are significantly different. (P<0.05)

Table 3 - Carcass and organs weight % of rabbits received regular (control) or magnetized water at 56 d of age

Water source

Traits Control Magnetized P-value
Fasting weight (g) 1472 1629 NS
Empty carcass (g) 974 1004 NS
Carcass yield, % 60.7 £ 0.9 61.6 £ 0.8 NS
Spleen weight, g 1.04 1.07 NS
Heart weight, g 5.04 5.65 NS
Kidney weight, g 12.02 12.07 NS
liver weight, g 51.27 49.07 NS
Fur weight, g 148 £ 5 146+ 5 NS
Relative weight of organs, %

Liver 3.19 + 0.16 3.08 £ 0.15 NS

Spleen 0.06 + 0.004 0.06 + 0.004 NS

Kidney 0.74 + 0.026 0.73 £ 0.024 NS

*Means * SE, within row, with different superscripts are significantly different. (P<0.05)

Alteration in spleen and kidney histological structure

The spleen histological structure of rabbits received TW showed normal histological structure with normal red and
white pulp (Figure 3a,b). Similarly, spleen of rabbits received MW appeared normal in most examined sections with
normal red and white pulp. But, in examined sections, the white pulp was slightly expanded with the increased number of
lymphocytes and reticular cells. Kidneys of rabbits received TW showed normal renal tubules with normal epithelial lining
and glomeruli (Figure 4a). On the other hand, kidney of rabbits received MW showed normal glomeruli and renal tubular
epithelium, however, the epithelial cells lining some renal tubules appeared large with basophilic nuclei (Figure 4b).
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Figure 4 - Spleen (a and b) of rabbits received regular drinking water showing normal histological structure with normal
red and white pulps (H&E,10X for a and H&E,40X for b). 4 ¢ and d: spleen of rabbits received magnetized drinking water
showing slightly expanded white pulp (H&E,10X for c) with increased number of reticular cells (H&E, 40X for d).

Figure 5 - Kidneys of (a) rabbits received normal drinking water showing normal renal tubules and glomeruli, (b, ¢ & d)
rabbits received MW showing mild degeneration of individual epithelial cells lining some renal tubules (arrows) (b), mitotic
figure (arrow) (c) and presence of regenerative renal tubules characterized by basophilic cytoplasm and large vesicular
nuclei (d), (H&E, 40X).
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DISCUSSION

Physicochemical changes in water properties

Diamagnetic materials such as water and organic materials have a weak response to a magnetic field, which can be
altered due to the magnetic field and the period of exposure to it (Alabi et al., 2015). When water is subjected to the
magnetic field, the frequency of collision between ions was increased, and ions' configuration could be changed (Cai et al.,
2009; Alabi et al., 2015). Moreover, Cho and Lee (2005), Xiao and Miwa (2017) mentioned that the magnetic treatment
of water decreased water tension, altered magnetic spin H+, and weakened H-bonds. Subsequently, these alterations in
chemical and physical properties of water are followed by more changes in the pH, electrical conductivity, and molecular
energy of magnetically treated water (Parsons et al., 1997; Cai et al., 2009; Wang et al., 2018; El Sabry et al., 2018).
Ebrahim and Azab (2017) suggested that treating water with a magnetic field improved the water molecule structure,
which enhances the overall reactions of the MW. Although, the pH and EC values of MW were higher than those of TW,
values were laid within the accepted pH value (6.5-8) and very satisfactory limits of EC (1.5- 5 ds.m-1) for poultry species
(Ayers and Westcot, 1994; WHO, 1996). Also, Mahmoud, et al. (2015) elucidated that magnetic treatment induced
greater effect on magnetic treated water in terms of pH, conductivity, salinity, and dissolved oxygen.

The transmission electron microscope was used to show if there are changes in the physicochemical properties of
water due to exposure to the magnetic field. The current finding indicated changes in the physical feature of MW cultures
at the nano-scale, which consequently might differently influence the digestive and absorptive processes in animals.

Changes in water properties might be attributed to one of the following explanations: 1) Cai et al. (2009) suggested
that proton transfer in the closed hydrogen-bonded chains causes the magnetization of water, and 2) Xiao and Miwa
(2017) mentioned that the magnetic treatment of water decreased water tension, altered magnetic spin H+, and possess
weaker H-bonds. Therefore, it might be indicated that there is a potential to integrate magnet technology in manipulating
some water properties, especially where water resources are limited. However, further studies are still needed for a better
understanding the mode of action of magnetization on water.

Blood biochemical parameters

Water stress, high temperature, high feeding costs, and lack of proper management are the main reasons for the
decline in the productivity of poultry and livestock (Szendré et al., 2012; El Sabry et al., 2021; Abbas et al., 2022; El
Sabry and Almasri, 2023). Under these circumstances, rabbits can be a potential source of animal protein due to their
limited water requirement compared to livestock, ability to adapt to a variety of feed, and capacity to regulate their body
temperature over a wide range of temperatures (Nistor et al., 2013; El Sabry et al., 2021).

As shown in Table 3, there is a numerical increase in plasma content of ALT, AST, ALP, and creatinine due to drinking
of MW in comparison with TP. A mild increase in AST and ALT in the blood of rabbits received MW may show a positive
effect on liver function. On the other hand, Helal et al. (2022) elucidated that MW reduced plasma concentrations of ALP,
AST, ALT gamma-glutamyltransferase (GGT), total bilirubin, blood urea nitrogen and creatinine in growing rabbits.

The improvement in plasma glucose concentration might be attributed to enhancing the metabolism and nutrient
transfer to various body cells. Rabbits that drank MW showed a significant increase in glucose concentration compared to
those of the regular water group (Table 3). Similarly, Helal et al. (2022) postulated that MW increased plasma glucose
concentration in growing rabbits. Also, Mahmoud et al. (2015) pointed out that administration of MA increased serum
glucose concentration in growing black Balady rabbits. This improvement might be attributed to high conductivity MW,
which may increase blood circulation and increase glucose uptake by the cells (Bonhomme-Faive et al., 1998; High et al.,
2000; Alhammer et al., 2013).

Productive performance

Since water is the most important nutrient for farm animals, it is plausible that offering them MW may influence the
productivity of the animal and/or its organ’s characteristics. The current study’s results showed no significant effect on
the productive traits; final body weight, feed intake, fur weight, and carcass % through the experimental time.
Nevertheless, it appears that all findings favored the MW group. These results could be due to providing the MW for a
short period or the power of the magnet should be altered to achieve the desired effect on the studied traits. These results
are in correspondence with Mahmoud et al. (2015) who demonstrated that drinking MW had no significant effect on feed
intake, final body weight and weight gain in growing rabbits. In broiler chicks, similar findings were reported by Alhassani
and Amin (2012), who found that there is no significant difference in the growth performance of broilers received MW or
regular water.

In this study, better feed conversion ratio of MW group could be improved due to the new physiochemical properties
of water that might enhance the availability of nutrients and the absorption process in rabbits. In this context, Helal et al.
(2022) reported that average daily gain, growth rate and feed conversion ratio were elevated; however, feed intake was
reduced due to drinking MW in comparison with non-magnetized water in growing rabbits. Also, El-Hanoun et al. (2013)
found that the growth rate of offspring born to does that consumed MW during pregnancy had a greater growth rate than
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those born to does that consumed regular tap water. This discrepancy in the results of growth performance might be due
to the variation in physicochemical characteristics of MW and age and strain of rabbits.

Organs relative weight

Oliveira et al. (2013) and El Sabry et al. (2015) reported changes in organs’ weight due to the exposure of the animal
to improper environment or stress. For example, lighter spleen weight % was recorded due to exposing birds to uneven
lighting programs (El Sabry et al., 2015). Since, rabbits’ relative weight of both groups was within normal range, it could
be speculated that the MW did not present a kind of stress on rabbits.

Alteration in spleen and kidney histological structures

The spleen is one of the main lymphoid organs that comprise two main compartments, which are white and red
pulps. Functionally, white pulp plays an essential role in the immune response, while red pulp filters the blood from the
old and damaged red blood cells (Mebius and Kraal, 2005; El Sabry et al., 2015). Therefore, it might be suggested that
MW had no detrimental effect on the spleen histological structure. In this context, the slight expansion in white pulp might
refer to an improvement in the immune status of rabbits that received MW. According to our knowledge, no studies in
rabbits were conducted on the effect of MW on spleen histological structure. In rats, Al Saffar et al. (2013) indicated that
rats treated with 250 gauss intensity of MW exhibited hyperplasia of the white pulp in their spleen tissue, whereas rats
treated with 750 gauss intensity of MA displayed a notable hyperplasia of the lymphoid tissue in the periarterial sheath.

There are contradictions in the available information about the influence of MW on kidneys’ histology due to the
limited number of investigations on farm and laboratory animals. In addition, Khater and Ibraheim (2016) reported that
water subjected to extremely high-power magnets (1.8 Tesla) could negatively affect the histological structure of the
kidney in rats. Whereas, Zayed et al. (2018) found that the provision of MW (600 Gauss) protected the kidneys of type 2
diabetic rats from nephrotoxic damage by reducing hyperlipidemia, oxidative stress, uremia, and renal dysfunction.
Ebrahim and Azab (2017) mentioned that MW could be a factor in breaking up kidney stones in humans. Sargolzehi et al.
(2009) reported that MW did not influence urea and Na+, K+, Mg++, and P- in the blood of goats.

As shown in Fig (4a), kidneys of rabbits that received TW showed normal renal tubules with normal epithelial lining
and glomeruli. These results are in harmony with Zayed et al. (2018) who noted that MW treatment prevented type 2
diabetic rat kidneys from nephrotoxic damage by reducing hyperlipidemia, uremia, oxidative stress, and renal dysfunction
in rats. In the present study, mild hyperplasia of the renal tubular epithelium of some renal tubules in the kidney of rabbits
that received MW may be due to the increase in the blood glucose level. Also, Thomson et al. (2001), Henegar et al.
(2001) and Tobar et al. (2013) showed that high blood glucose level could induce glomerular enlargement is associated
with hypertrophy of tubules. Moreover, enlargement of renal tubules is not necessarily a bad sign (Seely et al., 2018), and
a few basophilic tubules are a normal feature in young rats (Frazier et al., 2012).

CONCLUSION

Water exposure to magnetic field alters physicochemical properties of water. The MW improves the FCR increases the
relative weight of spleen. The positive changes in the liver and kidney structures of MW rabbits may indicate a positive
influence on the animal’s health. Moreover, more studies are still needed to determine the benefits of providing MW to
animals.

DECLARATIONS

Corresponding author
Correspondence and requests for materials should be addressed to Mohamed I. El Sabry; E-mails:
m.elsabry@agr.cu.edu.eg; m.elsabry@daad-alumni.de; ORCID: https://orcid.org/0000-0001-6855-0111

Ethical Approval
This study was approved by the Institutional Animal Care and Use Committee of Cairo University, protocol No. (CU-lI-F-
37-17).

Author contribution

M.l. El Sabry, Fatma Abou-Hashim: paticpated in experimental design, collecting data, data analysis, and writing of
the original manuscript. M.I. El Sabry, Tarek A. Ebeid: editing the final version. Azza Hassan: participated in histological
investigation.

Data availability
Upon request.

92


mailto:m.elsabry@agr.cu.edu.eg
mailto:m.elsabry@daad-alumni.de

El Sabry et al., 2024

Consent to participate
Consent was obtained from all authors.

Consent for publication
All participants have consented to the submission of the review article to the journal.

Competing interests
The authors declare nho competing interests in this research and publication.

Funding declaration
There was no funding.

REFERENCES

Abbas AO, Alaqil AA, Mehaisen GMK, and EI Sabry Ml (2022). Effect of organic selenium-enriched yeast on relieving the deterioration of
layer performance, immune function, and physiological indicators induced by heat stress. Frontiers in Veterinary Science, 9: 880790.
https://doi.org/10.3389/fvets.2022.880790 .

Aggrey SE, Ghareeb AFA, Milfort MC, Ariyo OW, Aryal B, Hartono E, et al. (2023). Quantitative and molecular aspects of water intake in
meat-type chickens. Poultry Science, 102 (11): 102973. https://doi.org/10.1016/j.psj.2023.102973

Alabi A, Chiesa M, Garlisi C, and Palmisano G (2015). Advances in anti-scale magnetic water treatment. Environmental Science: Water
Research & Technology, 1: 408-425. https://doi.org/10.1039/C5EW00052A

Alhammer AH, Sadiq GT, and Yousif S (2013). Effect of magnetized water on several biochemical and physical properties in mice. Journal
of Babylon University Pure and Applied Sciences, 21(3): 910-916. https://iasj.net/iasj/article/80433

Alhassani DH and Amin GS (2012). Response of some productive traits of broiler chickens to magnetic water. International Journal of
Poultry Science, 11: 158-160. http://dx.doi.org/10.3923/ijps.2012.158.160

Al Saffar SF, Amer N, Zaki LS, Faris AS, Imran NJ, Nadhim ZF et al. (2013). Effect of magnetized water on histological structure of heart,
lung and spleen of albino rats. Journal of Al-Nahrain University Science, 16 (4): 152-160.
https://anjs.edu.iq/index.php/anjs/article/view/547/490

Attia YA, El-Hamid AEA, El-Hanoun AM, Al-Harthi MA, Abdel-Rahman GM and Abdella MM (2015). Responses of the fertility, semen quality,
blood constituents, immunity and antioxidant status of rabbit bucks to type and magnetizing of water. Annals of Animal Science, 15:
387-407. https://sciendo.com/pl/article/10.2478/aoas-2014-0086

Ayers RS and Westcot DW (1994). 6. Water quality for livestock and poultry. In: Water quality for agriculture. Food and Agriculture
Organization of the United Nations Rome, Italy, 29 Rev.1. http://www.fao.org/docrep/003/T0234E/T0234E07.htm

Bonhomme-Faive L, Mace A, Bezie Y, Marion S, Bindoula G, Szekely A et al. (1998). Alterations of biological parameters in mice chronically
exposed to low-frequency (50 Hz) electromagnetic fields. Life Science, 62: 1271-1280. https://doi.org/10.1016/s0024-
3205(98)00057-5

Cai R, Yang H, He J and Zhu W (2009). The effects of magnetic fields on water molecular hydrogen bonds. Journal of Molecular Structure,
938: 15-19. https://doi.org/10.1016/j.molstruc.2009.08.037

Chang K-T, and Weng C-l (2006). The effect of an external magnetic field on the structure of liquid water using molecular dynamics
simulation. Journal of Applied Physics, 100 (4): 043917. https://doi.org/10.1063/1.2335971

Cho YI and Lee S-H (2005). Reduction in the surface tension of water due to physical water treatment for fouling control in heat
exchangers. International Communications in Heat and Mass Transfer, 32 (1-2): 1-9.
https://doi.org/10.1016/j.icheatmasstransfer.2004.03.019

Ebeid TA, Aljabeili HS, Al-Homidan IH, Volek Z, and Barakat H (2023). Ramifications of Heat stress on rabbit production and role of
nutraceuticals in alleviating its negative impacts: An Updated Review. Antioxidants, 12 (7): 1407.
https://doi.org/10.3390/antiox12071407

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

El-Hanoun A, Attia YA, Abd El-Hamid AE, Gad HA and Abdella MM (2013). Response of rabbit does to water type and magnetic treatments.
In:  Proceeding of the 4t scientific Conference of Animal Production Research Institute, Cairo. pp. 370-383.
https://www.researchgate.net/publication/324314765_RESPONSE_OF_RABBIT_DOES_TO_WATER_TYPE_AND_MAGNETIC_TREATMENTS

El-Hanoun AM, Attia YA, Al-Harthi MA, Habiba HI, and Oliveira MC (2017). Magnetized drinking water improves productivity and blood
parameters in geese. Revista Colombiana de Ciencias Pecuarias, 30 (3): 209 - 218. http://dx.doi.org/10.17533/udea.rccp.v30n3a04

El Sabry MI, Abdelfattah MH, Abdellatif HA, and Elnesr SS (2023). The impact of magnetized drinking water on semen quality, fertility and
hatchability rates of Fayoumi chicken, Animal Biotechnology, 34(7):2353-2359. 10.1080/10495398.2022.2088553

El Sabry MI, Abdelfattah MH, Abdellatif HA, and Elnesr SS (2021). Physicochemical properties of magnetic water and its effect on
egg production traits in hens at late laying period. Journal of Animal and Plant Sciences, 31 (1): 317-321.
https://thejaps.org.pk/docs/v-31-01/33.pdf

El Sabry MI, Zaki MM, Elgohary FA and Helal MM (2021). Sustainable rabbit production under the global warming conditions in southern
mediterranean region. World's Veterinary Journal, 11 (4): 543-548. https://dx.doi.org/10.54203/scil.2021.wvj69

El Sabry Ml and Almasri O (2023). Stocking density, ambient temperature, and group size affect social behavior, productivity and
reproductivity of goats- A review. Tropical Animal Health and Production, 55: 181. https://doi.org/10.1007/s11250-023-03598-0

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.
https://ejap.journals.ekb.eg/article_93244_b1e4f0b62bb062cea6b88701d5001b81.pdf

93


https://doi.org/10.3389/fvets.2022.880790
https://doi.org/10.1016/j.psj.2023.102973
https://doi.org/10.1039/C5EW00052A
https://iasj.net/iasj/article/80433
https://scialert.net/jhome.php?issn=1682-8356
https://scialert.net/jhome.php?issn=1682-8356
http://dx.doi.org/10.3923/ijps.2012.158.160
https://anjs.edu.iq/index.php/anjs/article/view/547/490
https://sciendo.com/journal/AOAS
https://sciendo.com/pl/article/10.2478/aoas-2014-0086
http://www.fao.org/docrep/003/T0234E/T0234E07.htm
https://doi.org/10.1016/s0024-3205(98)00057-5
https://doi.org/10.1016/s0024-3205(98)00057-5
https://www.sciencedirect.com/journal/journal-of-molecular-structure
https://www.sciencedirect.com/journal/journal-of-molecular-structure
https://doi.org/10.1016/j.molstruc.2009.08.037
https://www.scopus.com/record/display.uri?eid=2-s2.0-33748312287&origin=reflist
https://www.scopus.com/record/display.uri?eid=2-s2.0-33748312287&origin=reflist
https://www.sciencedirect.com/journal/international-communications-in-heat-and-mass-transfer
https://doi.org/10.1016/j.icheatmasstransfer.2004.03.019
https://doi.org/10.3390/antiox12071407
https://doi.org/10.11648/j.bs.20170304.12
https://www.researchgate.net/publication/324314765_RESPONSE_OF_RABBIT_DOES_TO_WATER_TYPE_AND_MAGNETIC_TREATMENTS
http://dx.doi.org/10.17533/udea.rccp.v30n3a04
https://doi.org/10.1080/10495398.2022.2088553
https://thejaps.org.pk/docs/v-31-01/33.pdf
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=e1fnC0oAAAAJ&sortby=pubdate&citation_for_view=e1fnC0oAAAAJ:Tiz5es2fbqcC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=e1fnC0oAAAAJ&sortby=pubdate&citation_for_view=e1fnC0oAAAAJ:Tiz5es2fbqcC
https://dx.doi.org/10.54203/scil.2021.wvj69
https://link.springer.com/article/10.1007/s11250-022-03247-y#auth-Obaida-Almasri
https://doi.org/10.1007/s11250-023-03598-0
https://ejap.journals.ekb.eg/article_93244_b1e4f0b62bb062cea6b88701d5001b81.pdf

Online J. Anim. Feed Res., 14(2): 86-94.

El Sabry M, Yalgin S, and Turgay-izzetoglu G (2015). Effect of breeder age and lighting regimen on growth performance, organ weights,
villus development, and bursa of fabricius histological structure in broiler chickens. Czech Journal of Animal Science, 60: 116-122.
https://cjas.agriculturejournals.cz/artkey/cjs-201503-0004_effect-of-breeder-age-and-lighting-regimen-on-growth-performance-organ-
weights-villus-development-and-bursa.php

Frazier KS, Seely JC, Hard GC, Betton G, Burnett R, Nakatsuiji S, et al. (2012). Proliferative and nonproliferative lesions of the rat and mouse
urinary system. Toxicologic Pathology, 40: 14S-86S. https://doi.org/10.1177/0192623312438736

Helal A, Shamardal E, Hassanein HHM, and Mohamed MY (2022). Effect of drinking magnetized water on some production characteristics
of rabbits. Egyptian Journal of Animal Production, 59: 79-87. https://dx.doi.org/10.21608/ejap.2022.245091

Henegar JR, Bigler SA, Henegar LK, Tyagi SC, and Hall JE (2001). Functional and structural changes in the kidney in the early stages of
obesity. Journal of the American Society of Nephrology, 12: 1211-1217. https://doi.org/10.1681/asn.v1261211

High W, Sikora J, Ugurbil K, and Garwood M (2000). Subchronic in vivo effects of a high static magnetic field (9.4 T) in rats. Journal of
Magnetic Resonance Imaging, 12: 122-139. https://doi.org/10.1002/1522-2586(200007)12:1%3C122::aid-jmri14%3E3.0.co;2-c

Khater ZZK and Ibraheim MH (2016). Histopathological studies on the effect of the magnetized water on the kidney of albino rat. Arab
Journal of Applied Sciences Research, 3 (1): 1-6. 110-121.

Lindinger M (2021). Structured water: effects on animals, Journal of Animal Science, 99 (5): skab063, https://doi.org/10.1093/jas/skab063

Mebius RE and Kraal G (2005). Structure and function of the spleen. Nature Reviews Immunology, 5: 606-616. DOI:
https://doi.org/10.1038/nri1669

Mahmoud YMM, Ragab AA, and Moharrum AEA (2015). Effects of magnetically treated drinking water on the rabbits performance,
Egyptian Journal of Nutrition and Feeds, 18 (2): 245-259.

Nistor E, Bampidis VA, Pacala N, Pentea M, Tozer J and Prundeanu H (2013). Nutrient content of rabbit meat as compared to chicken, beef
and pork meat. Journal of Animal Production Advances, 3: 172-176. https://doi.org/10.5455/japa.20130411110313

Oliveira MC, Silva DM and Dias DMB (201.3). Effect of feed restriction on organs and intestinal mucosa of growing rabbits. Revista Brasileira
de Zootecnia, 42: 530-534. https://dx.doi.org/10.1590/51516-35982013000700010

Pang XF (2014). Water: Molecular Structure and Properties. World Scientific Publishing Co Pte Ltd, Singapore. Pp. 492,
https://doi.org/10.1142/8669

Parsons SA, Wang BL, Judd SJ, and Stephenson T (1997). Magnetic treatment of calcium carbonate scale-effect of pH control. Water
Research, 31: 339-342. http://dx.doi.org/10.1016/S0043-1354(97)00277-7

Sargolzehi MM, Rokn-Abadi MR, and Naserian AA (2009). The effects of magnetic water on milk and blood components of lactating
Saanen goats. International Journal of Nutrition and Metabolism, 1: 20-24. https://doi.org/10.5897/1JNAM.9000041

SAS, Analytical software. Student Edition of Statistics (Sxw), version 9.4, SAS Institute Inc., Cary, NC, USA, 2013.

Seely JC, Hard GC, and Blankenship B (2018). Chapter 11 - Kidney, Boorman's Pathology of the Rat Reference and Atlas, the 2 Edition,
Suttie A.W., Academic Press, United States, 125-166. https://doi.org/10.1016/B978-0-12-391448-4.00011-3

Shamsaldain QZ and Al-Rawee EA (2012). Effect of magnetic water on productive efficiency of Awassi sheep. Iraqi Journal of Veterinary
Sciences, 26 (2): 129- 135. https://doi.org/10.33899/ijvs.2020.166887

Szendré Z, Szendré K and Zotte AD (2012). Management of reproduction on small, medium and large rabbit farms: a review. Asian-
Australasian Journal of Animal Sciences, 25: 738-748. https://doi.org/10.5713/ajas.2012.12015

Thomson SC, Deng A, Bao D, Satriano J, Blantz RC et al. (2001). Ornithine decarboxylase, kidney size, and the tubular hypothesis of
glomerular hyperfiltration in experimental diabetes. Journal of Clinical Investigation, 107(2): 217-24.
https://doi.org/10.1172/jci10963

Tobar A, Ori Y, Benchetrit S, Milo G, Herman-Edelstein M, Zingerman B, Lev N, et al. (2013). Proximal tubular hypertrophy and enlarged
glomerular and proximal tubular urinary space in obese subjects with proteinuria. PLoS One, 25: 8(9): e75547.
https://doi.org/10.1371/journal.pone.0075547

Wang Y, Wei H and Li Z (2018). Effect of magnetic field on the physical properties of water. Results in Physics, 8: 262-267.
https://doi.org/10.1016/j.rinp.2017.12.022

World Health Organization (WHO) (1996). Guidelines for drinking-water quality, 2" Ed. Vol. 2. Health criteria and other supporting
information, Geneva, www.who.int/water_sanitation_health/dwq/2edvol2p1.pdf

Xiao L and Miwa N (2017). Hydrogen-rich water achieves cytoprotection from oxidative stress injury in human gingival fibroblasts in culture
or 3D-tissue equivalents, and wound-healing promotion, together with ROS-scavenging and relief from glutathione diminishment.
Human Cell, 30 (2): 72-87. https://doi.org/10.1007/s13577-016-0150-x

Zayed AE, Saleh A, Gomaa AMS, Abd-Elkareem M, Anwar MM, Hassanein KMA, Elsherbiny MM, and Kotb AM (2018). Protective Effect
of Ginkgo biloba and magnetized water on nephropathy in induced Type 2 diabetes in rat. Oxidative Medicine and Cellular Longevity,
article id: 1785614. https://doi.org/10.1155/2018/1785614

Publisher's note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which

- permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

94


https://cjas.agriculturejournals.cz/artkey/cjs-201503-0004_effect-of-breeder-age-and-lighting-regimen-on-growth-performance-organ-weights-villus-development-and-bursa.php
https://cjas.agriculturejournals.cz/artkey/cjs-201503-0004_effect-of-breeder-age-and-lighting-regimen-on-growth-performance-organ-weights-villus-development-and-bursa.php
https://doi.org/10.1177/0192623312438736
https://dx.doi.org/10.21608/ejap.2022.245091
https://doi.org/10.1681/asn.v1261211
https://doi.org/10.1002/1522-2586(200007)12:1%3C122::aid-jmri14%3E3.0.co;2-c
https://doi.org/10.1093/jas/skab063
https://doi.org/10.1038/nri1669
https://doi.org/10.5455/japa.20130411110313
https://dx.doi.org/10.1590/S1516-35982013000700010
https://doi.org/10.1142/8669
http://dx.doi.org/10.1016/S0043-1354(97)00277-7
https://doi.org/10.5897/IJNAM.9000041
https://www.sciencedirect.com/science/article/pii/B9780123914484000113
https://www.google.com/search?client=firefox-b-d&channel=crow&q=USA&stick=H4sIAAAAAAAAAOPgE-LUz9U3MM8rzi5XAjMtk83LDbT0Msqt9JPzc3JSk0sy8_P084vSE_MyqxJBnGKr5PzSvJKiSoX8NIX8osz0zLxFrMyhwY4AjX20TE4AAAA&sa=X&ved=2ahUKEwjA4vi655HjAhWHUMAKHUMmBCEQmxMoATAaegQIDBAV
https://doi.org/10.1016/B978-0-12-391448-4.00011-3
https://doi.org/10.33899/ijvs.2020.166887
https://doi.org/10.5713/ajas.2012.12015
https://doi.org/10.1172/jci10963
https://doi.org/10.1371/journal.pone.0075547
https://doi.org/10.1016/j.rinp.2017.12.022
http://www.who.int/water_sanitation_health/dwq/2edvol2p1.pdf
https://doi.org/10.1007/s13577-016-0150-x
https://doi.org/10.1155/2018/1785614
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

	ABSTRACT:
	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS 
	DISCUSSION 
	CONCLUSION 
	DECLARATIONS 
	REFERENCES 

