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The study aimed to know the effect of goat milk as a functional
food to get rid of chemical toxins that laboratory animals are
exposed to, the compound CdCl,, and the element Pd, by examining
creatinine, urea, and histological .This study was the use of 36
white male albino rats, which were randomly divided into six equal
groups and the experience lasted six weeks, the control group (C)
and the rest of the groups were injected with the compound CdCl,
or the element Pd and dosed with goat milk in specific quantities to
know the effect of milk on the levels of creatinine and urea in the
kidneys, as well as their histological .The results were that the
animals exposed to CdCl, and Pb poisoning, where Creatinine
reached 0.4412, 0.4057 mg/dl, respectively, compared to the

control treatment, which reached 0.2059 mg/dl, while the urea level
reached 65.32, 66.68 mg/dl, respectively, compared to the control
treatment, which reached 39.72 mg/dl—the protective role of goat
milk in improving kidney function.
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INTRODUCTION

Heavy metals that accumulate in the human body cause a lot of damage as they
affect many major organs such as the liver, kidneys, heart, brain, etc. (Muzhda and
Yahya, 2023). They cause oxidative stress in cells, which leads to an increase in the
number of reactive oxygen species and a decrease in the level of antioxidants, as
heavy metals interfere with natural biological mechanisms, leading to disruption of
natural reactions and leads to cell death. Because these minerals are not
biodegradable, they remain for a longer period and pose long-term health risks (Renu
et al., 2021). They also inhibit some metabolic pathways and thus lead to a
dysfunction of the immune system (Islamy et al., 2024). Therefore, many
international organizations have set standards regarding the presence of minerals in
the environment, food, and drinking water (Balali-Mood et al., 2021). Goat milk has
nutritional and functional properties and health-promoting benefits due to its content
of biologically active components, especially peptides derived from its proteins,
oligosaccharides, short and medium chain fatty acids, and phospholipids, which
contribute to the treatment of some pathophysiological disorders (Siddiqui et al,
2023; Fahad, 2023). Goat milk also contains taurine, which affects detoxification and
accumulation of fatty acids (Hidayet and Mustafa, 2021; Muntaha et al., 2023).
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MATERIALS AND METHODS

Raw Materials used in the Study
Goat Milk

Local goat milk (Iraqi) was obtained from a farm in the Najaf desert in Najaf
Governorate/Iraq. The milk was pasteurized by slow pasteurization at 62.8 °C for 30
minutes (Nayik et al., 2021), and the experimental animals were given 3.5 ml for 6
weeks. The milk was pasteurized and cooled before oral administration through a
special tube. (Amr, ef al., 2023)

Heavy metals

Two common heavy metals were selected in this study, namely cadmium
chloride CdCI> and lead Pb. The required amount of the mentioned elements was
weighed using a sensitive balance and then dissolved in deionized water (Hiba,2011).
The required dose of CdCl> was prepared according to the method of (AL-Dleamy
and Jawad,2022), and the dose of lead was determined according to the method of
(Ahmed et al., 2013). Doses are fixed amounts per treatment.

Experimental Animals

This study included 36 white male albino rats. The average weight of the rats
was (200-250) g. The animals were placed in controlled conditions in terms of proper
ventilation and at a temperature ranging from (20- 25) °C, while the lighting was 12
hours of light/12 hours of darkness. The animals were randomly divided into six
groups with six rats per group and were placed in plastic cages with a metal clip. The
floor of the cages was covered with sawdust, with care taken to clean them and
monitor the health status of the rats. All animals were provided with water and feed.
The animals were given food, feed, and tap water freely throughout the experiment
and according to the animals' needs. The experiment continued for 7 weeks, including
a week of animal adaptation.

Experimental Treatments
The experimental animals were randomly divided into six groups with six rats
per group:

1)  Control group (C): fed feed and provided with tap water.

2) The second group (T1) was given pasteurized goat's milk at a dose of 3.5 ml
daily for 6 weeks in addition to feed and tap water.

3) The third group (T2) was injected with 0.2 ml of cadmium chloride at a
concentration of 1 mg/kg intraperitoneally in two doses every week, one dose
in addition to feed and water.

4)  The fourth group (T3) was injected with 0.2 ml of lead at a concentration of
25 mg/kg body weight intraperitoneally for 7 days and daily from the
beginning of the experiment, in addition to feed and water.

5) The fifth group (T4) was injected with 0.2 ml of cadmium chloride at a
concentration of 1 mg/kg body weight, injected intraperitoneally in two doses
every week, one dose, and was given pasteurized goat milk at a dose of 3.5 ml
for 6 weeks via a special tube.

6) The sixth group (T5). The lead element was injected in an amount of 0.2 ml at
a concentration of 25 mg/kg of body weight into the peritoneum for 7 days on
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a daily basis, and pasteurized goat milk was given in a dose of 3.5 ml for 6
weeks: animal sacrifice and sample collection.

At the end of the experiment, after 6 weeks, all animals were sacrificed. Rats
were deprived of food for 8 hours and were anesthetized with Ketamine and Xylazine
by intramuscular injection. The abdominal cavity was opened from the lower
abdomen to the pharynx to obtain the organs used in the study (kidneys). The organs
were washed immediately after the killing process and placed in a special box
containing a number indicating the group to which they belonged. The box contained
formalin at a concentration of 10% for preservation purposes, with the formalin in
the box being replaced twice every 12 hours.

Estimating Creatinine in the Blood
Creatinine was estimated in the blood serum using the analysis kit prepared by
the French company Biolabo, according to the method (Burtis and Ashwood,1999).

Estimating Urea in the Blood
The concentration of urea in the blood serum was estimated according to
(Tietz,1995) using the analysis kit prepared by the German company Hannover.

Histological Tests Method
The method of Hilal (2020) was followed to make and prepare the histological
sections of the kidneys for all animals for the purpose of studying them.

Statistical Analysis

The experimental data were analyzed using a completely randomized design
(CRD). Rand completely used six treatments, and each treatment was applied to six
laboratory animals. The means were compared using Duncan's Multiple Range test
(Al-Rawi et al., 2000) at a probability level (0.05>P). The data were analyzed using
the statistical analysis program.

RESULTS AND DISCUSSION

Effect of Goat Milk, CdCl, and Pb on Kidney Functions: Creatinine and Urea
The results in Table (1) indicate a significant increase in Creatinine levels for
treatments 2T, 3T that were poisoned with CdCl, and Pb, reaching 0.4412, 0.4057
mg/dl, respectively, compared to the control treatment, which reached 0.2059 mg/dl.
A significant difference is noted for treatments T5, T4, which were poisoned with
CdCl; and Pb and dosed with goat milk, reaching 0.3743, 0.3857 mg/dl compared to
the control treatment and treatment T2. However, it is not significant with treatment
T3. As noted in Table (1), there was a significant increase in Urea levels for
treatments T2 and T3 that were poisoned with CdCl, and Pb, reaching 65.32 mg/dl
and 66.68 mg/dl, respectively, compared to the control treatment, which reached
39.72 mg/dl. Significant differences were noted between treatments TS5 and T4, which
reached 55.65 and 58.50 mg/dl, respectively, compared to treatments that were
poisoned with the same metals, T3 and T2. Still, they were not significant compared
to the control treatment. The results show a decrease in creatinine and urea levels in
the blood of rats that were poisoned with heavy metals and were given goat milk in
treatments T4 and TS5, which may be due to the direct effect of milk components
calcium, magnesium, potassium, phosphorus and protein on kidney function, as
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regular consumption of dairy products protects against inflammation, oxidative stress
and kidney endothelial dysfunction. Given other studies, it is noted that increased
oxidative stress and inflammation are risk factors for kidney dysfunction (Jaffer et
al., 2023; Gopinath et al., 2016).

Alharbi et al., (2022) indicated a decrease in creatinine and urea levels in rats
fed fermented camel and cow milk compared to the group fed a diet rich in
cholesterol. Dadupanthi, & Bhargava (2021) found increased creatinine and urea
levels in the blood of Swiss white mice exposed to chronic doses of cadmium. Helal
et al. (2020) found that using a mixture of lead and cadmium chloride led to an
increase in kidney levels.

Khamphaya et al., (2022) found that urea levels increased significantly in
animals exposed to lead acetate compared to the control group, while creatinine levels
did not show significant differences, and that urea changes were more responsive than
creatinine changes to the early stages of lead-induced kidney dysfunction. Khalil-
Manesh et al. (1992) indicated that exposure to lead may cause nephropathy due to
its harmful effect on kidney function and disease. Reddy et al. (2014) stated that lead
poisoning leads to a change in the balance between oxidants and antioxidants through
the generation of Reactive oxygen species (ROS). As a result of oxidative stress,
protein degradation increases, leading to increased concentrations of ammonia and
urea in the serum. (Khalid et al., 2017).

Table (1): Effect of goat milk, CdCl,, and Pb on levels of kidney function, Creatinine,
and Urea in the blood of experimental animals the experience lasted six weeks.

*svmbol Urea Creatinine
Y (mg/dl) (mg/dl)
39.72 0.2059
C
a a
Tl 43.79 0.2410
a a
™ 66.68 0.4412
C C
T3 65.32 0.4057
C bc
55.65 0.3857
T ab b
58.50 0.3743
s ab b

C= control (tap water), T1= goat's milk only, T2 = 0.2 ml of CdCI2, T3= 0.2 ml of lead
T4= 0.2 ml of CdCI2 + pasteurized goat milk, T5=0.2 ml of lead + + pasteurized goat milk

* Different letters within the same column indicate a significant difference between the averages.
4-2- Histological test results

Histological sections of the kidneys of experimental rats were stained using
hematoxylin and eosin stains for the cortex and medulla regions of the kidneys of
rats. The histological sections were photographed using a light microscope at a
magnification of 100X. As shown in Figure (1). Histological tests of kidney sections
in the control treatment C showed that the tissue composition of the cortex and
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medulla regions was normal, as the renal tubules (proximal and distal) appeared
normal with a normal glomerulus surrounded by Bowman's capsule. Histological
tests of kidney sections in the treatment group that received local goat milk T1
showed that the histological composition of the cortex and medulla regions was
normal for this group. Rai et al. (2022) Goat milk has antimicrobial, anti-allergic,
anti-inflammatory, and antioxidant properties that can affect immune and
inflammatory processes and provide nutrients to the body.

The low sugars found in goat milk and vitamins are useful in enhancing
immunity and help maintain the physical and chemical properties of the body.
Histological tests of the group of rats that were poisoned with cadmium chloride T2
showed necrosis of the proximal and distal renal tubules (black arrow) that formed
spaces in the affected area with hemorrhage (yellow arrow) in the cortex area. Severe
hemorrhage (black arrow) and proliferation of inflammatory cells (yellow arrow)
were also observed in the medulla area. Mitochondria and NADPH oxidase are
damaged by cadmium, which accumulates in the proximal tubular site of the nephrons
and are therefore the main sources of reactive oxygen species. Therefore, the
underlying mechanism of cadmium-induced renal toxicity is increased oxidative
stress and associated damage to DNA, proteins, and lipids, which ultimately leads to
cell death, kidney injury, and decreased renal function—cadmium and redox
imbalance (Yan & Allen, 2021; Yousief ef al., 2023). Hussen (2012) reported that
cadmium exposure causes morphological and pathological changes and degeneration
of tubular epithelial cells in the kidney. Genchi et al. (2020) reported that cadmium
induces oxidative stress and the production of ROS, namely superoxide radicals,
hydrogen peroxide, and hydroxyl radicals. Oxidative stress leads to the oxidation and
damage of important biomolecules.

Histological tests of the T3 lead-poisoned rat group showed severe necrosis in
the proximal and distal renal tubules and the proliferation of severe inflammatory
cells (black arrow) between the renal tubules and around the glomerulus in the cortex
area (Ilham, 2009). Acute inflammatory cells were also observed in clusters formed
with hemorrhage (yellow arrow) in the renal medulla. Lentini et al. (2019) indicated
that the kidney is a target organ in heavy metal poisoning due to its ability to reabsorb
and concentrate divalent metals. Carocci et al. (2016) reported that lead binds to
proteins in the tubular cells proximal to the glomeruli, and these lead-protein
complexes are found as intracellular impurities characteristic of acute lead
nephrotoxicity. Lead accumulates in the mitochondria of the kidney, leading to
changes in both structure and function. Free radicals can also damage renal cells,
disrupting their brush border epithelial linings and rendering the cells impermeable
to urea and creatinine (Yuan et al., 2014).

Histological sections of the liver of male rats exposed to cadmium chloride
poisoning and fed T4 goat milk showed mild destruction of the epithelial cells (black
arrow) lining the proximal tubules and individual renal tubules in the cortex. In the
medulla, normal tissue cells with slight hemorrhage were observed. Shaikh et al.
(1999) reported that oxidative stress has an important role in chronic hepatotoxicity
and renal toxicity caused by cadmium, and that antioxidants protect the body from
cadmium toxicity. Alharbi et al. (2022) reported that the decrease in creatinine and
urea may be due to the ability of lactic acid and probiotic bacteria to control the
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change in lipid profile, leading to improvement of renal damage. Goat milk contains
major and trace minerals, including Ca, Na, Mg, P, K, Mn, and Fe, which have
significant health benefits. Goat milk contains a high percentage of zinc and acts as
an antioxidant and eliminating reactive oxygen species. It also contains selenium and
has an important effect as a cofactor for the work of glutathione peroxidase, which is
an antioxidant enzyme that gets rid of harmful free radicals in the body and helps
activate macrophages (Panta ef al., 2023).

Histological sections of male rats that were poisoned with lead and were given
T5 goat milk, where a slight spread of focal inflammatory cells (black arrow) and
slight destruction of the epithelial cells lining the individual renal tubules in the cortex
area were observed. Slight destruction of the epithelial cells (black arrow) of the loop
of Henle's tubules with slight bleeding in the medulla area was also observed. (Raja,
2011; Nasser et al., 2021).

Rai et al. (2022) indicated that goat milk is useful for the formation of bile
salts because it contains a higher concentration of the amino acid taurine. The
potassium in goat milk helps maintain kidney function, and chloride helps maintain
osmotic pressure (Kucukler ef al., 2021). Also stated that calcium, Potassium, and
copper significantly alleviate the kidney toxicity caused by lead acetate, PbAc. Goat
milk contains a large amount of free amino acids, mainly found in goat milk, such as
glycine, glutamic acid, and taurine found in goat milk have a significant effect on
organs and detoxification, and accumulation of fatty acids (Chauhan et al., 2021).
Amin ef al. (2020) explained that natural products containing flavonoids, vitamins,
and other biologically active components reduce the harmful effects of lead toxicity
due to their ability to reduce oxidative stress. These natural products have an
important effect in reducing lead toxicity by suppressing oxidizing agents and
enhancing antioxidant levels within damaged cells.
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Figure (1): Histological sections the experience lasted six weeks

(A)in the cortex and (B) in the medulla of the kidneys of male rats stained with hematoxylin and
eosin (C) The control group was fed a normal diet. (T1) was fed a diet + goat milk dose. (T2) was
fed a diet + CdCI2. (T3) was fed a diet + Pb. (T4) was fed a diet + CdCI2 + goat milk. (T5) was fed
a diet + Pb + goat milk.

CONCLUSIONS

The study highlights the detrimental effects of cadmium chloride (CdCl2) and
lead (Pb) exposure on kidney function, as indicated by increased creatinine and urea
levels. Treatments with goat milk (T4 and T5) reduced these biomarkers, suggesting
a protective effect against nephrotoxicity. Histological analysis revealed severe renal
damage in metal-exposed rats, while rats receiving goat milk showed milder damage,
indicating partial protection. The bioactive components of goat milk, such as calcium,
magnesium, potassium, phosphorus, and antioxidants like zinc and selenium, may
help reduce oxidative stress and inflammation. These findings support the potential
of goat milk as a natural dietary intervention for mitigating heavy metal-induced
kidney dysfunction. Future research should further explore its molecular mechanisms
and therapeutic potential in humans exposed to environmental toxins.

ACKNOWLEDGMENT

We wish to express our heartfelt gratitude to the University of Kufa and the
College of Agriculture in Iraq for supplying the necessary materials for this research
and for their ongoing support and assistance, which enabled us to complete this study
as required.

CONFLICT OF INTEREST

The researcher affirms that there were no conflicts of interest related to the

publication of this study.

162



Mesopotamia Journal of Agriculture, Vol. 53, No. 3, 2025 (155-166)

oaba ) 5 a gaadlSl) &0l aaniill Lda ) pland) o)) yidl) A Sl Cailliy o jelal) cula U

P e gagmw H5 P jahadll o Qla gliae
1 3oal) [ Canill [ 2880 Aaela [ Aol 30 S [ A5EY1 agle aud
23 al [ 8 a) el penall

Aadall

Al asand) (e paldill g ol%S eldd) cula il (gae Ajee ) Auball cia
pandlly Wysdlly 8L asd Guh ce Pd ey CACI2 (She qolatll Gl gl i peall
Gy sl slay Rats male Albino <3 (10 12 36 Jlexiaad duhall oda Ciiaiad . ol
raie o) CACI2 Syes it aaclaall diing (C) 8ylasaal) degana cdasladio paslas 6 N Lilsde
SN i Urea y Creatinine cbisive Ao culall 535 4 jaal 30ae GlaeSs Selall culas cie a9 Pd
il Sl cialy 3 Pb 5 CACI2 aeill da jaall clilgual) ) geilial) cpglaly - Lo oasanil) ooyl SIS
L .mg/dl 0.2059 by Al slasadl dlelae e d5)lae Jgil) e mg/dl (0.4057 «0.4412)
mg/dl 39.72 caly Al slucd) dlelaas 435la0 Nl e mg/dl (65.32, 66.68) il Lysall (s5iane
S LN Qg Al dadl Qi DA e SIS Ciillay (e 3 B0 el Cula e
ALEY leally aencil) Lgasns
S LS aliasl) o gadlCl) 16l ¢ e lal) Cula shpalial) el

REFERENCES

Ahmed, M. B., Ahmed, M. 1., Meki, A. R., & AbdRaboh, N. (2013). Neurotoxic
effect of lead on rats: Relationship to Apoptosis. International journal of health
sciences, 7(2), 192. https://doi.org/10.12816/0006042

Alharbi, Y. M., El-Zahar, K. M., & Mousa, H. M. (2022). Beneficial effects of
fermented camel and cow’s milk in lipid profile, liver, and renal function in
hypercholesterolemic rats. Fermentation, 8 (4), 171.
https://doi.org/10.3390/fermentation8040171

Al-Barzinji, Y. M., & Zainal, F. K. (2023). Genetic evaluation of milk production
traits in local goat. Iraqi Journal of Agricultural Sciences, 54(6), 1548-1556.
https://doi.org/10.36103/ijas.v5416.1855

AL-Dleamy, H., & Jawad, Z. J. (2022). Hepatotoxic pathology evaluation of
Dimethylformamide (Dmf) on Male Albino Rats Livers. Iraqi Journal of
Agricultural Sciences, 5305), 1123-1128.
https://doi.org/10.36103/ijas.v5315.1625

Al-Rawi, Mahmoud Khasha & Abdul Aziz Mohammed Khalaf Allah (2000). Design
and analysis of agricultural experiments. College of Agriculture. University of
Mosul. Iraq. https:/Design-and-analysis-of-agricultural-experiments.pdf

Amin, 1., Hussain, 1., Rehman, M. U., Mir, B. A., Ganaie, S. A., Ahmad, S. B., ... &
Ahmad, P. (2021). Zingerone prevents lead-induced toxicity in liver and kidney
tissues by regulating the oxidative damage in Wistar rats. Journal of food
biochemistry, 45(3), e13241. https://doi.org/10.1111/jfbc.13241

163


https://doi.org/10.12816/0006042
https://doi.org/10.3390/fermentation8040171
https://doi.org/10.36103/ijas.v54i6.1855
https://doi.org/10.36103/ijas.v53i5.1625
https://uomosul.edu.iq/en/agriculture/wp-content/uploads/sites/9/2024/05/Design-and-analysis-of-agricultural-experiments.pdf
https://doi.org/10.1111/jfbc.13241

Mesopotamia Journal of Agriculture, Vol. 53, No. 3, 2025 (155-166)

Amr, M., Mohie-Eldinn, M., & Farid, A. (2023). Evaluation of buffalo, cow, goat and
camel milk consumption on multiple health outcomes in male and female
Sprague  Dawley rats. International  Dairy  Journal, 146, 105760.
https://doi.org/10.1016/j.1dairy;.2023.105760

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M. R., & Sadeghi, M.
(2021). Toxic mechanisms of five heavy metals: mercury, lead, chromium,
cadmium, and arsenic. Frontiers in pharmacology, 13(12)
https://doi.org/10.3389/fphar.2021.643972

Burtis C.A. & Ashwood. E. R. (1999). Textbook of clinical chemistry, 5" Ed. Elsevier
Sciences. http:/Textbook of clinical chemistry.pdf

Carocci, A., Catalano, A., Lauria, G., Sinicropi, M. S., & Genchi, G. (2016). Lead
toxicity, antioxidant defense and environment. Reviews of environmental
contamination and toxicology, 45-67. https://doi.org/10.1007/398 2015 _5003

Dadupanthi, P., & Bhargava, S. (2021). Hematological parameters and biochemical
evaluation of the effects of vitamin C in Swiss Albino mice exposed to chronic
doses of Cadmium. International Journal of Pharmaceutical Sciences (3), 33-
41. http://dx.doi.org/10.22376/ijpbs.2021.12.3.P33-41

Hashim, E. S., & Al-Yassein, R. N. (2020). Effect of sublethal concentrations of
cadmium on the histo-pathological changes of muscles of Planiliza abu
Juveniles (Heckel, 1843). Basrah Journal of Agricultural Sciences, 33(2), 207-
217. https://bjas.bajas.edu.ig/index.php/bjas/article/view/262

Genchi, G., Sinicropi, M. S., Lauria, G., Carocci, A., & Catalano, A. (2020). The
effects of cadmium toxicity. International journal of environmental research
and public health, 17(11), 3782. https://doi.org/10.3390/ijerph17113782

Gopinath, B., Harris, D. C., Flood, V. M., Burlutsky, G., & Mitchell, P. (2016).
Associations between dairy food consumption and chronic kidney disease in
older adults. Scientific reports, 6(1), 39532. https://doi.org/10.1038/srep39532

Helal, H. A., El-Tahan, N. R., & El-rasheed, F. E. S. (2020). Effect of Moringa
oleifera (Moringa) on tand lead mixture in rats body. Journal of Home
Economics, 30(4). http://homeecon.menofia.edu.eg/

Hilal, A.-S. (2020). The Effect of vitamin D in kidney function and thyroid gland.
Iraqi Journal of  Agricultural Sciences, 51(3), 924-929.
https://doi.org/10.36103/ijas.v5113.1047

Hiba S. N. (2011) Estimation of lead and cadmium levels in muscles, livers and
kidneys of slaughtered cattle in Mosul City, Mesopotamia Journal of
Agriculture 39(3), 8-15. https://doi.org/10.33899/magr).2011.31125

Hidayet, H. M., & Mustafa, K. N. (2021). Effect of feeding Oak (Quercus Aegilops)
acorns on milk production, milk composition and some blood biochemical
parameters of black goats. Iraqi Journal of Agricultural Sciences, 52(1), 28-35.
https://doi.org/10.36103/ijas.v52i1.1233

Hussen A., T. (2012). Determination of the lethal dose 50%(LD50) of cadmium
chloride and the histopathological changes in male mice liver and
kidneys. Journal of Education and Science, 25(3), 27-0.
http://dx.doi.org/10.33899/edusj.2012.59200

164


https://doi.org/10.1016/j.idairyj.2023.105760
https://doi.org/10.3389/fphar.2021.643972
https://www.amazon.com/Tietz-Textbook-Clinical-Chemistry-Third/dp/0721656102
https://doi.org/10.1007/398_2015_5003
http://dx.doi.org/10.22376/ijpbs.2021.12.3.P33-41
https://bjas.bajas.edu.iq/index.php/bjas/article/view/262
https://doi.org/10.3390/ijerph17113782
https://doi.org/10.1038/srep39532
http://homeecon.menofia.edu.eg/
https://doi.org/10.36103/ijas.v51i3.1047
https://doi.org/10.33899/magrj.2011.31125
https://doi.org/10.36103/ijas.v52i1.1233
http://dx.doi.org/10.33899/edusj.2012.59200

Mesopotamia Journal of Agriculture, Vol. 53, No. 3, 2025 (155-166)

ITham A. K. (2009). Effect of long-term administration of garden cress (Lepidium
Sativum) on some cytogenetic parameters in white mice, Mesopotamia Journal
of Agriculture,37(4) 107-116. https://doi.org/10.33899/magrj].2009.27501

Islamy, R. A., Hasan, V., Mamat, N. B., Kilawati, Y., & Maimunah, Y. (2024).
Immunostimulant evaluation of neem leaves againts Non-Specific immune of
tilapia infected by A. hydrophila. Iraqi Journal of Agricultural Sciences, 55(3),
1194-1208. https://doi.org/10.36103/dywdqs57

Jaffer S. R., Khudair K. K. & Al- Okaily B. N. (2023). Effect of gallic acid on lipid
profile and antioxidant status in cadmium chloride treated rats, Iraqi Journal of
Agricultural Sciences, 54(3), 735-740. https://doi.org/10.36103/ijas.v5413.1755

Khalil-Manesh, F., Gonick, H. C., Cohen, A., Bergamaschi, E. & Mutti, A. (1992).
Experimental model of lead nephropathy, Nationl Center for Biotechnology
Information, 41(5), 192-203. https://doi.org/10.1038/ki.1992.181

Khamphaya, T., Pouyfung, P., Yimthiang, S., Kotepui, M., & Kuraeiad, S. (2022).
Ameliorative effects of Paederia foetida Linn. on lead acetate-exposed
rats. Journal of Applied Pharmaceutical Science, 12(3), 160-170.
https://dx.doi.org/10.7324/JAPS.2022.120317

Kucukler, S., Benzer, F., Yildirim, S., Gur, C., Kandemir, F. M., Bengu, A. S., &
Dortbudak, M. B. (2021). Protective effects of chrysin against oxidative stress
and inflammation induced by lead acetate in rat kidneys: a biochemical and
histopathological approach. Biological Trace Element Research, 199(6), 1501-
1514. https://link.springer.com/article/10.1007/s12011-020-02268-8

Lentini, P., Zanoli, L., de Cal, M., Granata, A., & Dell'Aquila, R. (2019). Lead and
heavy metals and the kidney. Critical care mnephrology, 1324-1330.
https://doi.org/10.3892/mmr.2017.6389

Mowafak M. Al. (2008). Immunoglobulins In Sheep’s and goat’s milk and blood
serum,  Mesopotamia  Journal  of  Agriculture,  36(3), 74-87.
https:/doi.org/10.33899/magr}.2008.26808

Yousief, M. Y., Owaid, J. M., & Mohsin, R. H. (2023). Relationship between growth
hormone gene polymorphism with milk production and its components in black
Iraqi Goat. Basrah Journal of Agricultural Sciences, 36(2), 285-299.
https://doi.org/10.37077/25200860.2023.36.2.22

Muzhda Q. Qader & Shekha, Y. A. (2023). Role of environmental biotechnology in
remediation of heavy metals by using fungal-microalgal strains. Basrah Journal
of Agricultural Sciences, 36(1), 16-28. 10.37077/25200860.2023.36.1.02

Nasser, E. K., Majeed, K. R., & Ali, H. 1. (2021). Effect of some strains of lactic acid
bacteria and their mixture on the level of fats and cholesterol in albino rats
(Rattus norvegicus) male with hypothyroidism induced using carbimazole.
Basrah  Journal — of  Agricultural  Sciences, 34(1), 139-146.
https://doi.org/10.37077/25200860.2021.34.1.12

Nayik, G. A., Jagdale, Y. D., Gaikwad, S. A., Devkatte, A. N., Dar, A. H., Dezmirean,
D. S., ... & Alotaibi, S. S. (2021). Recent insights into processing approaches
and potential health benefits of goat milk and its products: a review. Frontiers
in nutrition, 8, 789117. https://doi.org/10.3389/fnut.2021.789117

Panta, R., Paswan, V. K., Gupta, P. K., & Kohar, D. N. (2021). Goat’s milk (GM), a
booster to human immune system against diseases. In Goat Science-

165


https://doi.org/10.33899/magrj.2009.27501
https://doi.org/10.36103/dywdqs57
https://doi.org/10.36103/ijas.v54i3.1755
https://doi.org/10.1038/ki.1992.181
https://dx.doi.org/10.7324/JAPS.2022.120317
https://link.springer.com/article/10.1007/s12011-020-02268-8
https://doi.org/10.3892/mmr.2017.6389
https://magrj.uomosul.edu.iq/article_26808_d2eeff3ac6fa47f38a0434779b7df458.pdf
https://doi.org/10.37077/25200860.2023.36.2.22
https://bjas.bajas.edu.iq/index.php/bjas/article/view/898
https://doi.org/10.37077/25200860.2021.34.1.12
https://doi.org/10.3389/fnut.2021.789117

Mesopotamia Journal of Agriculture, Vol. 53, No. 3, 2025 (155-166)

Environment, Health and  Economy. IntechOpen. P. 446.
https://www.intechopen.com/chapters/76625

Rai, D. C., Rathaur, A., & Yadav, A. K. (2022). Nutritional and nutraceutical
properties of goat milk for human health: A review. Indian Journal of Dairy
Science, 75(1). https://epubs.icar.org.in/index.php/IJDS/article/view/121647

Raja M, A. (2011). Effect of rosemarinus officinalis plant and H20> 1% on some
Physiological, Histological and Biochemical parameters in male mus musculus,
Mesopotamia Journal of Agriculture, 39(3), 102-111
https://doi.org/10.33899/magrj.2011.31194

Reddy, Y. A., Chalamaiah, M., Ramesh, B., Balaji, G., & Indira, P. (2014).
Ameliorating activity of ginger (Zingiber officinale) extract against lead
induced renal toxicity in male rats. Journal of food science and
technology, 51(5), 908-914. https://do.org/10.1007/s13197-011-0568-9

Renu, K., Chakraborty, R., Myakala, H., Koti, R., Famurewa, A. C., Madhyastha,
H., ... & Gopalakrishnan, A. V. (2021). Molecular mechanism of heavy metals
(Lead, Chromium, Arsenic, Mercury, Nickel and Cadmium)-induced
hepatotoxicity—A review. Chemosphere, 271, 129735.
https://doi.org/10.1016/j.chemosphere.2021.129735

Sharaf, K., Hamdoon, M. Y., & Abou, A. L. (2017). Milk chemical composition of
Merize (Capra abegar sp.) and milk constituents distribution through lactating
season in Mosul area and the effect of mother age on it. Mesopotamia Journal
of Agriculture, 45(4), 321-330. https:/doi.org/10.33899/magrj.2017.161362

Shaikh, Z. A., Vu, T. T., & Zaman, K. (1999). Oxidative stress as a mechanism of
chronic cadmium-induced hepatotoxicity and renal toxicity and protection by
antioxidants. Toxicology and applied pharmacology, 154(3), 256-263.
https://doi.org/10.1006/taap.1998.8586

Siddiqui, S. A., Salman, S. H. M., Redha, A. A., Zannou, O., Chabi, I. B., Oslsou, K.
F., ... & Magsood, S. (2024). Physicochemical and nutritional properties of
different non-bovine milk and dairy products A review: International Dairy
Journal, 48, 105790. https://doi.org/10.1016/j.idairyj.2023.105790

Tietz, N. W. (1995). Clinical guide to laboratory tests. 3™ Ed, p.1758
https://www.scirp.org/reference/referencespapers?referenceid=1641367

Yan, L. J., & Allen, D. C. (2021). Cadmium-induced kidney injury: oxidative damage
as a unifying mechanism, Biomolecules, 11(11), 1575.
https://pubmed.ncbi.nlm.nih.gov/34827573/

Yousief, M. Y., Owaid, J. M., & Mohsin, R. H. (2023). Relationship between growth
hormone gene polymorphism with milk production and its components in black
Iraqi Goat. Basrah Journal of Agricultural Sciences, 36(2), 285-299.
https://doi.org/10.37077/25200860.2023.36.2.22

Yuan, G.; Dai, S.; Yin, Z.; Lu, H.; Jia, R. and Xu. J. (2014). Sub-chronic lead and
cadmium co-induce apoptosis protein expression in liver and kidney of rats.
International Journal Clinical and Experimental Pathology. 7(6), 2905-2914.
https://pmc.ncbi.nlm.nih.gov/articles/PMC4097244/

166


https://www.intechopen.com/chapters/76625
https://epubs.icar.org.in/index.php/IJDS/article/view/121647
https://doi.org/10.33899/magrj.2011.31194
https://do.org/10.1007/s13197-011-0568-9
https://doi.org/10.1016/j.chemosphere.2021.129735
https://magrj.uomosul.edu.iq/article_161362_bb83f207206b36bf664b795b9d362e2c.pdf
https://doi.org/10.1006/taap.1998.8586
https://doi.org/10.1016/j.idairyj.2023.105790
https://www.scirp.org/reference/referencespapers?referenceid=1641367
https://pubmed.ncbi.nlm.nih.gov/34827573/
https://doi.org/10.37077/25200860.2023.36.2.22
https://pmc.ncbi.nlm.nih.gov/articles/PMC4097244/

