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Abstract | Mineral supplementation to livestock enhances their health, immunity, and behavior. We aimed to in-
vestigate the influence of mineral supplementation on diseased buffalo calves on health, blood parameters, skin, and
behavioral repertoire, and to record the association influencing animals before, during and after minerals supplementa-
tion. Twenty buffalo calves suffering from skin lesions were enrolled in this study and the diet was supplemented with
mineral mixture for 60 days. Skin conditions and behavioral modifications were monitored alongside blood and plasma
samples were harvested at days 0, 30, and 60 of the study for hematological and biochemical analysis. Results revealed
an overall improvement in animal health, skin conditions, and liver and kidney functions. Significant (P < 0.05) in-
creases in plasma proteins, zinc, and copper were recorded, while malondialdehyde, TNF-a, and MMP-9 significantly
(P < 0.05) decreased. Furthermore, buffalo calves showed significant ( P < 0.05) increases in both ingestive and loco-
motor activities, while grooming and lateral recumbency significantly (P < 0.05) declined. Mineral supplementation
had a favorable effect on animal skin, health conditions, and antioxidant activity, as well as it has a minimizing influ-

ences on TNF-alpha and MMP-9.
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INTRODUCTION

mproving animal health and production requires careful

attention to nutritional status and nutrition composition,
which is not only concerned with protein, carbohydrates,
and major elements but it is dependent on trace minerals.
Trace minerals are essential for growth and development,
immunity, and reproduction; they act as a co-factor in the
physiological functions of cells, cell metabolism, and the
oxidation process (Mattioli et al., 2018).

Zinc is a trace element that must be given periodically

to maintain adequate immuno-physiological functions
(Spears and Kegley, 2002). It regulates more than 300 en-
zymes and involved in DNA, RNA, and protein synthesis
(Schubert et al., 2015); which makes it essential for the
physiological cellular process. Copper has numerous an-
tioxidant activities; therefore, it plays a crucial role in cell
metabolism and development. It is a component of numer-
ous metalloproteins and metalloenzymes such as collagen
formation, cytochrome C oxidase (Cox), superoxide dis-
mutase (SOD), and ceruloplasmin (Cp) production. Fur-
thermore, copper plays a role in the regulation of processes
such as cellular respiration and carbohydrates and lipids
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metabolism (Wysocka et al., 2018). Iron is an important
component of hemoglobin and myoglobin that are respon-
sible for oxygen transport to cells and muscles and seleni-
um which acts as an antioxidant through involvement in
the biosynthesis of glutathione peroxidase to protect cells
from lipid peroxidation (Reeves and Hoffmann, 2009).
Although trace minerals are required in trace amounts in
diet according to the nutrition research council NRC any
deficiency can negatively influence animal health, growth,
and reproduction. Zinc deficiency is reported to affect an-
imal performance and fertility as Engle et al. (1997) found
that protein accretion was decreased when Zn supplemen-
tation was removed from basal forage for 21 days. Cop-
per deficiency is responsible for unthiftness, depigmented
rough hair, and peat scours in calves ,while in lambs copper
deficiency can produce a demyelinating syndrome known
as swayback or enzootic ataxia (Watson et al., 2020). How-
ever, skin diseases in livestock animals are attributed to
parasitological or fungal agents, but also it is important to
refer to the dermatological lesions which may result from
nutritional deficiency of some trace elements such as Zn,
Cu or vitamin A deficiency.

Therefore, adding mineral mixture to diet has become a
basic routine work in preparing animal feed formula not
only to improve their health and production but also to
avoid several diseases that arise from their deficiencies. The
mineral mixture has proven to give a favorable effect on
mitigating oxidative stressors and enhancing the anti-oxi-
dative status. We aimed in this study to evaluate the effect
of mineral mixture on animals that are suffering from skin
lesions and their impact on health conditions, behavioral
activities, and blood clinicopathological profiles.

MATERIALS AND METHODS

ANIMALS AND DIET

The current study was conducted at the educational farm of
the Faculty of Veterinary Medicine, Suez Canal University,
Ismailia, Egypt. The experimental animals were housed in
free stall barns- open door system-, The study was applied
from May to August, so the average environmental tem-
perature was about 34°C, relative humidity about 68%, ani-
mals were fed on separate feeding forage and commercial-
ly concentrated pellets. Forage (green barseem (7rifolium
alexandrinum), sorghum, and wheat straw) were provided
ad libitum, while concentrates (corn, soybean meal, rice
bran, and corn gluten feed) were offered twice daily at 8:00
and 16:00. Water was available ad /ibitum. The chemical
composition of feedstuff is shown in Table (1). All exper-
imental procedures were approved by the Animal Ethics
Committee of the Faculty of Veterinary Medicine, Suez
Canal University with approval No. (2023011).

Table 1: Diet biochemical composition.

Chemical composition of diet g/kg
Dry matter 920
Organic matter 865.7
Ash 63.3
Crude protein 164
NDF 102.8

NDF= neutral detergent fibers

STuDY DESIGN AND TREATMENT

Twenty buffalo calves at 3-6 months with an average body
weight of 120 kg were enrolled in the current study. Min-
eral mixture (Star Pharma Co. -5409- Egypt) consisted of
12500 mg Mn, 12500 mg Zn, 12500 mg Iron, 3750 mg
Cu, 62.5 mg Se, 125 mg Co, and CaCo, added until 1 kg.
'The mineral mixture was thoroughly mixed with animals’
concentrates daily at a rate of 8 g/kg D.M diet. The study
was designed to last for 60 days. All animals were exposed
to full clinical examination with the dermatological exami-
nation, as well as skin scrapes were collected from animals (
twenty samples) . Animals were monitored at DO (day zero,
pre-mineral supplementation), D30 (30 days post-mineral
supplementation), and D60 (60 days post-mineral supple-
mentation). Blood samples were harvested at the D0, D30,
and D60 from the jugular vein using vacutainer tubes with
EDTA (Hebei Xinle Sci& Tech Co, LTD) . The blood
samples were divided into two parts one for complete
blood count (CBC) and the other part was centrifuged at
1000xg for 15 min at 4°C for plasma separation and kept
at -20°C for further analysis.

HEMATOLOGICAL ANALYSIS

Automatic cell counter (Methyc 18vet, Orphee, France)
was used to determine the red blood cell count (RBCs),
hemoglobin concentration (Hb), hematocrit value (Hct),
mean corpuscular volume (MCV'), mean corpuscular he-
moglobin (MCH), mean corpuscular hemoglobin concen-
tration (MCHC), total Leucocyte count (TLC), neutro-
phils, lymphocytes, monocytes, eosinophils, and platelet
counts in a total of 28 samples (10 Samples at DO, 9 at
D30 and 9 at D60).

BI1OCHEMICAL ANALYSIS

Total proteins, albumin, creatinine, glutamic-oxaloacetic
transaminase (GOT), and glutamic pyruvic transaminase
(GPT) were assayed using commercial kits (Biodignostics
CO, Giza, Egypt. Zinc levels in plasma were assessed by
Spectrum assay kits (The Egyptian Company for biotech-
nology S.A.E., Cairo, Egypt). Copper level in plasma was
assessed by assay kits (SPINREACT CO, Santa Coloma,
Spain). Plasma malondialdehyde (MDA) and glutathione-
S- transferase (GST) activities were measured by assay kits
(Biodignostics CO, Giza, Egypt). Biochemical analyses
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were performed using Photometer 5010 V5+, Germany.
Plasma TNF-a concentration was measured by a bovine
TNTF-o ELISA kit (Cusabio, USA). Bovine matrix met-
alloproteinase MMP-9 was measured with an ELISA kit
(Wuhan Fine Biotech. Co, Wuhan, China). The optical
density of the sample was determined at 450 nm using the
ELX800® microplate reader (BioTek Instruments, USA).

MEASUREMENT OF BEHAVIORAL ACTIVITIES

We assessed some behavioral activities such as ingestive
(feeding and drinking), standing idle, lateral recumbency,
grooming, and locomotion behaviors. Behavioral observa-
tions were conducted for 60 days; at D0, D30, and D60.
Recording sessions were distributed across days starting
from 6 am to 5 pm. All testing sessions were video record-
ed with a digital camera (Sony hxr-mc 2500, Sony, Japan).
Scan sampling technique was used at 5 min intervals dur-
ing the analysis of the recordings (Martin and Bateson,
2007) and the number of animals that were displayed each
behavioral element was recorded. Later, these numbers
were expressed as a percentage of individuals in each be-
havioral category. Each testing session was analyzed using
the Behavioral Observation Research Interactive Software
(BORIS, v. 2.95, University of Torino, Torino, Italy (Friard
and Gamba, 2016).

STATISTICAL ANALYSIS

'The SPSS 22.0 software (Armonk, NY: IBM Corp. SPSS,
Inc., Chicago, IL, USA) was used for all the analysis. One-
way Analaysis of Variance (ANOVA) was used to investi-
gate the effect of mineral supplementation on the hema-
tological, biochemical, and behavioral modifications with
a single independent variable investigated [The time of
supplementation: Before (D0), Mid (D30) and at the end
(D60) of supplementation]. The level of significance (a) at
which the null hypothesis was rejected was 0.05, and the
results were expressed as mean * standard error. Dimen-
sion reduction by Principal Component Analysis (PCA)
was applied to the plasma biochemical variables at differ-
ent time points (D0, D30, and D60) including Zinc (Zn),
Protein, Albumin, Creatinine, GOT, GPT, MDA, GST,
TNF-alpha, MMP9, and Copper (Cu). Principal compo-
nent analysis (PCA) was done using the prcomp command
in R. PCA biplots were generated using the gg biplot
package in R. The PCA output typically consists of five
to ten uncorrelated principal components, each explaining
a proportion of the total dataset variance. The first princi-
pal component typically explains most of the variance, but
successive principal components may also detect relevant
variance. In the current work, principal components were
described in terms of a) proportion of explained variance
and b) Eigenvalue (i.e. the principal component standard
deviation squared). Only principal components with an
Eigenvalue above 1.0 were considered significant. In terms

of cumulative variance, the extracted components account-
ed for at least 70% of the variance of the dataset.

RESULTS

CuinicaL FINDINGS

At DO, clinical examination revealed that buffalo calves
were alert and show a normal act of urination, normal pos-
ture, gait, weak appetite, and easy act of defecation. Only
two claves showed stunted growth, dullness weakness, and
prefered to sit than be active. Skin examination revealed al-
opecia on the dorsum and lateral abdomen, dull, lusterless
hair coat, limited areas of erosions, skin ulceration, thick
dry skin surface, hyperkeratosis, loss of pigmentation on
different areas of skin, and rusty red with discoloration of
hair (Fig.1A). Two weeks post-mineral supplementation,
skin pigmentation started to return to normal, and hair
grows in areas of alopecia for 2-4 cm long. Skin became
elastic and keratinization was regressed in most of the an-
imals except for four calves who showed keratinization in
limited areas on the dorsum. At D30, all calves’ skin pig-
mentation returned to the normal color, hair coat growed
in the affected areas and no keratinization was observed
(Fig.1B). At D60, the skin was completely covered by
glossy shiny hair and animals were mentally alert and with

a good appetite (Fig.1C).

Figure 1: Skin lesion in buffalo calves under study. (A)
Alopecia, loss of pigmentation, and excessive keratinization
on the dorsum of animals at DO. (B) Skin is pigmented
and hair started to grow on animals at D30. (C) Skin is
completely cured and all alopecic areas are covered with

hair at D60.

HEMATOLOGICAL PROFILE

'There were non-significant variations in the erythrocytic
counts, hemoglobin concentrations, hematocrit values, to-
tal and differential leukocytic counts (Table 2) among all
groups throughout the experimental period with a signif-
icant (P < 0.05) increment in MCV and a significant (P <
0.05) decrement in MCHC at D30. Platelets were signif-
icantly (P < 0.05) decreased at both D30 and D60 when
compared with DO.
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Table 2: Hemogram of buffalo calves at D0, D30, and D60 post-supplementation with the mineral mixture.

Hematological parameters DO D30 D60 F P

Hb (g/dl) 11.94+0.47 10.91+0.41 11.060.21 2.15 0.145
RBCs (x10%/pl) 7.56x0.46 7.03+0.39 7.22+0.17 0.57 0.577
Het (%) 35.36+1.39 35.46x1.19 34.37+0.64 0.29 0.753
MCV (1) 47.12+1.19° 50.78+1.07 47.69+1.07* 3.13 0.068
MCH (pg) 15.94+0.54 15.61+0.26 15.33+0.25 0.65 0.532
MCHC (%) 33.80+0.61* 30.76x0.17¢ 32.18+0.31° 13.98 0.001
T.L.C. (x10%/pl) 13.13+0.83 14.50+0.62 14.54+0.86 1.07 0.363
Neutrophils (x10%/pl) 5.53+0.38 6.34+0.37 6.07+0.41 1.12 0.350
Lymphocytes (x10%/pl) 6.04x0.58 6.74x0.61 6.99+0.62 0.67 0.524
Monocytes (x10%/ul) 1.53+0.14 1.41+0.11 1.30+0.06 1.15 0.340
Eosinophils (x10%/pl) 0.19+0.03 0.18+0.02 0.17+0.03 0.07 0.934
Platelets (x10%/pl) 422.43+13.21* 304.57+10.13" 384.43£17.27 18.86 0.001

a, b, ¢ different superscripts in the same row indicate significance at P<0.05

Table 3: Plasma biochemical Profile of buffalo calves at D0, D30, and D60 post-supplementation with the mineral

mixture.

Biochemical parameters Do D30 D60 F P

Zn (pg/dl) 12.43+0.86° 33.30+1.472 23.76+4.27° 11.8 0.001
Cu (pg/dl) 100.21+2.10¢ 107.90+2.42° 118.96+2.32¢ 17.06 0.003
Total protein (g/dl) 6.77+0.15° 6.95+0.16° 7.43+0.14° 5.06 0.02
Albumin (g/dl) 3.77x0.10 3.69+0.21 3.82+0.08 0.21 0.82
Creatinine (mg/dl) 1.49+0.24* 1.55+0.14* 0.91+0.07° 4.23 0.03
GOT (unit/ml) 77.67+7.92¢ 59.92+5.29° 56.37+0.60P 4.60 0.03
GPT (unit/ ml) 24.21+3.04* 16.94+1.78° 18.09+1.13% 3.35 0.06
MDA (nmol/ml) 41.82+4.79* 29.87+2.17° 24.69+1.86" 4.77 0.006
GST (U/L) 651.68+40.87 757.31£72.70 615.13+57.43 1.60 0.255
TNF-a (ng/ml) 0.79+0.02* 0.69+0.01° 0.63+0.01¢ 25.40 0.001
MMP-9 (ng/ml) 1.05+0.03¢ 0.95+0.01° 0.84+0.02¢ 20.02 0.002

a, b, ¢ different superscripts in the same row indicate significance at P<0.05

Errect Or MINERAL MixTURE ON BLooD
B1oCHEMISTRY, TRACE MINERALS, ANTIOXIDANTS,
TNF-ALPHA AND MMP-9

A significant (P < 0.05) rise in Zn and Cu plasma levels
was recorded at D30 and D60 in correspondence to D0. A
significant (P < 0.05) increment in plasma total proteins
concentration coupled with a significant (P < 0.05) decre-
ment in plasma creatinine level was recorded at D60. Plas-

ma activities of GPT and GOT, levels of MDA, TNF-q,
and MMP-9 showed a significant (P < 0.05) decline at
D30 and D60 compared to DO. GST results showed in-

significant alteration among all groups, although there is a
numerical increase in GST value at D30 (Table 3).

Principal component (PCA) analysis for the plasma con-
centration of different elements at DO showed that four

principal components (PCs) had eigenvalues >1 and ac-
counted for a considerable proportion (89.9%) of the to-
tal variance. In PC1, the concentrations of Cu, TNF-q,
MMP9, Albumin, and Zn describe 40.9% of the total var-
iance. The second PC (PC2) is described by protein, GST,
GPT,and GOT,with 21.2 % of the total variance. The third
PC describes 15.2% of the total variance and is explained
by the concentration of creatinine, GOT, GST, Zn, and
GPT. Finally, GPT, MDA, and GOT concentrations are
described by PC4. Figure 2A shows the scores and load-
ings plots for the combination between PC1 (40.9%) vs
PC2 (21.2%) and between PC2 (21.2%) vs PC3 (15.2%)
and it showed the positive correlation between TNF-a and
MMP-9 and the negative one between them and copper.
PCA of the plasma concentrations at D30 showed that
three PCs explained 84.1% of the total variance and had
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Table 4: Behavioral patterns of buffalo calves at DO, D30, and D60 post-supplementation with the mineral mixture.

Behavioral parameters_ DO D30 D60 F P
Feeding (%) 21.3 +0.8* 30.1 £1.3P 33.5+1.4° 31.69 <0.001
Drinking (%) 4.7+0.2* 5.7 + 0.4 6.4 + 0.4° 7.25 0.001
Standing idle (%) 19.5+0.7* 16.3 + 0.7° 17.3 + 0.8> 5.13 0.007
Lateral recumbency (%) 343 +1.6* 24.4 + 1.9 18.1 £1.9¢ 19.30 <0.001
Grooming (%) 6.2 + 0.3 32+0.2° 3.3+0.3b 28.84 <0.001
Locomotion (%) 14.0 £ 0.9* 20.3 + 0.8 21.4+0.9° 21.64 <0.001

a, b, c different superscripts in the same row indicate significance at P<0.05
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Figure 2: Principal component (PC) biplot for PC1
(Dim1), PC2 (Dim2), and PC3 (Dim3) of plasma
biochemical parameters in buffalo calves. (A) At DO. (B)
At 30 days post-supplementation. (C) At 60 days post-

supplementation.

eigenvalues >1. PC1 described 42.1% of the total variance
was mostly influenced by TNF-a, MDA, Albumin, GST,
and protein, while PC2 MMP9, Cu, and AST concentra-
tions explained 21.9% of the total variance. Creatinine, Zn,
and protein concentrations explained 20.1% of the total
variance. Fig. 2B showed the scores and loadings plots for
the combination between PC1 (42.1%) vs PC2 (21.9%)
and between PC2 (21.9%) vs PC3 (20.1%). Even though
copper and MMP-9 were the second principal affecting el-
ements, they showed strong contributions during this stage
and yet they still negatively correlated (Fig. 2B). PCA of
the serum concentrations at D60 showed that three PCs

explained 81.4% of the total variance and had eigenval-
ues >1. PC1 described 42.7% of the total variance and ex-
plained by MMP9, GOT, and TNF-alpha concentration
components affecting and also copper which was on the
opposite side as shown in Figure 2C. PC2 is explained by
protein, Zn, Albumin, GST, and creatinine concentrations
and constituted 21.9% of the total variance. Finally, GPT,
MDA, and creatinine concentrations explained 16.2% of
the total variance. Figure 2C showed the scores and load-
ings plots for the combination between PC1 (42.7%) vs
PC2 (21.9%) and PC2 (21.9%) vs PC3 (16.2%).

BEHAVIORAL PROFILE

An overall significant (P < 0.05) increase in ingestive
behaviors as shown in Table 4 was observed as the per-
centages of time spent feeding and drinking significant-
ly increased 30 and 60 days post-treatment. On the other
hand, the resting activities revealed that the animal stand
idle and lateral recumbency were significantly (P < 0.05)
lower pre-treatment and increased significantly (P < 0.05)
at 30 and 60 days. Animals spent less time in grooming
activities at 30 and 60 days post-treatment. The locomotor
activities significantly (P < 0.05) increased at 30 and 60
days post-treatment (Table 4).

DISCUSSION

Clinical examinations of calves revealed skin lesions such
as alopecia, hyperkeratinization, and loss of pigmentation
concerning copper deficiency and severe zinc deficien-
cy (Gooneratne et al., 1989; Hosned Lova et al., 2007).
Post-supplementation, skin conditions significantly im-
proved as lesions healed, keratinization regressed then
completely disappeared, and skin elasticity restored normal
conditions besides the hair growth on the affected areas.
Copper and Zn supplementations at different concentra-
tions increased the collagen fibrogenesis rate in rat’s tail on
mica (Yue et al., 2022). Zinc supplementation improved
protein synthesis and enhanced wound healing as it is in-
volved in the structure of more than 300 enzymes includ-
ing protein synthesis enzymes, thus its deficiency slows
down the process (Anil et al., 2020; Holanda et al., 2017).

'The biochemical results in the current study revealed that

August 2023 | Volume 11 | Issue 8 | Page 1292

%0 .
Qals Links
OResearchers



OPENaACCESS

Advances in Animal and Veterinary Sciences

plasma total proteins were significantly increased at D60.

Zinc is crucial in the management of iron metabolism,
control of erythropoiesis, and immunity regulation against
some infectious diseases (Chide et al., 2015). The current
work showed insignificant changes in the hemogram be-
tween groups except for a significant increment in MCV
and a significant decrement in MCHC at D30. Yanagi-
sawa et al. (2009) reported that rats administered a high
Zn diet showed reticulocytosis and extra-medullary eryth-
ropoiesis in the spleen which could be responsible for the
maintenance of RBC levels. Mattioli et al. (2018) found
no change in the assessed hematological parameters in
pre-weaning calves supplemented with Cu and Zn. More-
over, Cope et al. (2009) denoted that erythrocytes and leu-
kocytes were unaffected by the dietary zinc levels. Chide et
al. (2015) noted the negative correlation between platelet
count and copper serum level and attributed this to cop-
per-induced oxidant cellular damage that selectively de-
stroys platelets.

Mineral supplementation to calves’ diet improved liver and
kidney functions. GOT and GPT activities and creatinine
levels were significantly reduced after supplementation
with mineral mixture. Liver transaminases represent mark-
ers for hepatic damage, even if the animals did not exhibit
icterus or hepatitis. Mineral supplementation protected the
hepatocytes’ integrity and prevented any further damage
or release of GOT and GPT enzymes. These results were
speculated by Humer et al. (2019); Ruttkay- Nedecky et
al. (2013). Mineral supplementation could reduce the re-
active liberated oxygen from the metabolism and suppress
cellular apoptosis by scavenging the free radicals which are

responsible for lipid peroxidation (Pathak et al., 2004).

Reactive oxygen species (ROS) can be produced by the sin-
gle-electron and oxygen transfer processes. Iron and ROS
are important initiators and mediators of cell death and in
the pathogenesis of diseases (Dixon and Stockwell, 2014)
'The production of ROS during cellular activity may exceed
and can initiate peroxidation to the cell membrane causing
cellular damage. Malondialdehyde (MDA) arises from the
peroxidation of the polyunsaturated fatty acids in the cell,
it is considered as a marker of oxidative stresses and an
indicator of antioxidant status. In the current study, there
was a significant reduction in MDA level by the D30 and
continued to D60, this comes in agreement Manimaran et
al. (2022) and with Shen et al. (2020) who recorded sim-
ilar findings in goats. Shanigaram et al. (2015) noted the
antioxidant actions of zinc in buffalo calves by diminishing
MDA levels with raised glutathione peroxidase (GPx) and
glutathione (GSH) activities. At D30 post-treatment, nu-
merical increase in protein glutathione transferase (GST)

value.. GST plays key roles in prostaglandin synthesis, in-

tracellular transport of hydrophobic substances, and oxi-
dative stress responses (Ranson and Hemingway, 2005).
On the other hand, dietary copper or zinc deficiency con-
tributes to the development of oxidative stress and raised
levels of lipid peroxidation due to decreased activity of the
antioxidant cuproenzymes such as ceruloplasmin and Cu,
Zn-superoxide dismutase and GST (Prohaska, 1991, Kudo
et al., 2000).

Trace minerals have anti-inflammatory properties, thus
protecting against TNF via the enhancement of heat shock
protein 70 (HSP70) gene expression especially in the small
intestine and liver of mice (Van Molle et al., 2007). TNF
levels were elevated in Zn-deficient rats (Suzuki et al.,
2016). Our results similar to Pandey et al. (2022) who ex-
plained that tumor necrosis factor-o (TNF-a) plasma con-
centrations were decreased by the dietary supplementation
of nano-Cu and nano-Zn to dairy calves. Prasad et al.
(2007) also found that the zinc-supplemented animals had
significantly greater plasma zinc levels and lower tumor
necrosis factor and oxidative stress indicators when com-
pared to the placebo group. Han et al. (2001) stated that
TNF-a enhanced pro-MMP-9 activity in cultured human

skin resulting in aberrant healing or tumor cell invasion.

Matrix metalloproteinases (MMPs) are proteolytic met-
alloenzymes that are zinc-dependent. Several diseases
are linked to MMP-9 dysregulation and overexpression.
Controlling and inhibiting MMP-9 is an important ther-
apeutic strategy for treating many diseases (Mondal et al.,
2020). Matrix metalloproteinase MMP-2 and MMP-9
levels were significantly higher in the lungs of cu-deficient
rats (Lentsch et al.,, 2001). Zn deficiency contributed to
an increase in MMP activity, while, increasing Zn levels
contributed to a decrease in MMP activity and their de-
structive effects (Nosrati et al., 2019).

Principal component analysis results revealed a positive
correlation between MMP-9 and TNF-alpha and attrib-
uted this correlation to the ability of TNF- a to selectively
up-regulate the macrophage expression of MMP-9 (Zhang
et al., 1998). Also, the results recorded the negative cor-
relation between copper and matrix metalloproteinase-9
at all-time points as the copper deficiency induced skin
lesion and MMP-9 and TNF-a become overexpressed
when tissue injury. MMP-9 and TNF-o were downreg-
ulated post-mineral supplementation and copper and zinc
were progressively increased in plasma, which is attributed
to the inhibitory effect of copper on gene expression of

TNF-0 and MMP-9 (Albena et al., 2007).

Animal behavior is strongly linked to macroclimatic con-
ditions such as housing, management, and feeding practic-
es and it’s an important indicator of animal welfare status
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(Lee et al., 2022). In the current study, we observed a wide
array of behavioral changes including increased appetite,
increased locomotor activities, and decreased resting and
grooming behaviors post- mineral supplementation. On
the other hand, animals suffering from trace mineral de-
ficiencies (at DO) showed abnormal behaviors including
lethargy and illthriftiness, becoming uninterested in feed-
ing, and developing locomotor disturbances (Ebrahim et
al., 2016). This decreased feeding time before mineral sup-
plementation could be explained via several mechanisms.
Cobalt deficiency may alter propionate metabolism con-
tributing to higher blood propionate and inversely reduced
feed intake (Macpherson, 1982). Similarly, Abou-Zeina
et al. (2008) reported that trace element deficiency may
reduce or even stop feeding in lambs. Zinc supplementa-
tion increased animal’s appetite as zinc-deficient animals
may experience an impaired taste (Suzuki et al., 2011).
Buffalo calves showed increased locomotor activities and
reduced resting behaviors post-supplementation. Buffalo
calves suffered from zinc deficiency suftered showed clear
social isolation and less exploring than apparently healthy
ones (Hegab and Mohamaden, 2023). Iron-deficient an-
imals were hypoactive with impaired skeletal motor ac-
tivity which may be due to altered dopaminergic function
(Lozoft, 2011). We observed a decrease in grooming ac-
tivities post-supplementation. Contrary to Ebrahim et al.
(2016) who observed that mineral deficiency led to a de-
crease in the body care behavior in sheep. Buffalo calves in
the current study showed patchy alopecia characterized by
rough skin surface and crusts contributing to animal itch
more to relieve the desire to scratch. The grooming du-
ration was lower post-supplementations confirming that
before mineral supplementation the grooming activities
functioned to relieve the itchy sensations of the skin le-
sions rather than a body care activity.

CONCLUSION

Mineral supplementation of diseased buffalo calves, im-
proved animal health, skin, and behavior. Mineral supple-
mentation also modulated creatinine levels, liver enzyme
activities, lipid peroxidation, TNF-a, and MMP-9 levels,
thus proving to possess antioxidant and anti-inflammatory
impacts.
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