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Calf diarrhea causes huge economic losses to livestock due to its high incidence
and mortality rates. Alkaline mineral complex water is an alkaline solution
containing silicon, sodium, potassium, zinc, and germanium, and has biological
benefits and therapeutic effects. This study aimed to evaluate the impact of
alkaline mineral complex water supplementation on the health of calves and
to investigate the effect of Alkaline mineral complex water supplementation on
neonatal calf serum variables and the liver transcriptome. Sixty Holstein calves
(age 1.88 + 0.85 days, weight 36.63 + 3.34 kg) were selected and randomly divided
into two groups: the T group (treatment group with alkaline mineral complex
water supplemented during the experiment) and C group (control group without
alkaline mineral complex water supplementation). Alkaline mineral complex water
supplementation significantly increased the body weight for calves aged 60 d and
average daily gain during the experimental period (1-60 d). In addition, Alkaline
mineral complex water supplementation could significantly decrease the diarrhea
rate for calves aged 16-30 d, enhance the T-AOC, IgG, IGF-1, and IGFBP-2 in
concentrations. The results of KEGG enrichment analysis in transcriptomics
indicate that Alkaline mineral complex water supplementation inhibited the
target IL-1B gene of the NF-kappa B signaling pathway of liver. Alkaline mineral
complex water supplementation decreased calf diarrhea and improved partial
immune function, anti-inflammatory activity, antioxidant capacity, and health
of calves. Alkaline mineral complex is a candidate to replace medicated feed
additives. Alkaline mineral complex waterAlkaline mineral complex waterAlkaline
mineral complex waterAlkaline mineral complex waterAlkaline mineral complex
waterAlkaline mineral complex waterAlkaline mineral complex water.
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Introduction

In contemporary farm production, it is well-established that farm
animals undergo a series of stressors post-birth, significantly
impacting their overall welfare. These stressors encompass a range of
factors, including separation from maternal animals (1), the stress of
transportation (2), challenges posed by the farm environment (3), the
stress of weaning (4), antibiotic usage (5), heat stress (6) and
adjustments in their dietary regimen (6). Newborn animals, in
particular, exhibit heightened vulnerability to these stressors and
require a higher level of care and attention to ensure their well-being
(7, 8). Adequate nutrition of calves is a fundamental requirement for
efficient production in later life. Suboptimal nutrition before weaning
could have detrimental long-term effects on metabolic health and
could thereby decrease production efficiency (7).

Water is an essential component of the diet and plays an important
role in animal nutrition (9). Natural alkaline mineral water usually
contains sodium, potassium, zinc, metasilicic acid, and other rare
minerals (10). These alkaline minerals are rich in inorganic components
in biota and play key roles in physiological metabolism and catalysis
(11). Alkaline mineral water or mineral supplementation can improve
the quality of life of patients with diarrhea-predominant irritable bowel
syndrome and improve the gut health of young animals (12, 13). Calf
diarrhea (CD) is a common stress disease associated with livestock
production (14). Calf diarrhea causes huge economic losses to livestock
due to its high incidence and mortality rates (15, 16). Antibiotics are
routinely used to treat CD (17); however, excessive use of antibiotics can
lead to various side effects, the most significant of which is infection by
multidrug-resistant bacteria, which is increasing world-wide (18).
Therefore, it is critical to find a low-cost, convenient and without side
effect method to improve CD and calf immunity.

Alkaline mineral complex (AMC) water has biological benefits
and therapeutic effects, including improving the quality of life of
patients with cancer, conferring anti-oxidative effects, promoting
intestinal health, and treating intestinal inflammatory diseases and
diarrhea (12, 19, 20). The Alkaline mineral complex water used in this
study was an alkaline solution (pH 9.1) containing silicon, sodium,
potassium, zinc, and germanium, and its functions were based on its
mineral composition (21). These minerals are essential for various
physiological functions [such as digestion and immune biosynthesis
in animals (22, 23)]. The liver is a key metabolic and central immune
organ (24). Research has shown that the liver responds to these
minerals, affecting their immune function (25). Recent research has
shown that Alkaline mineral complex water can improve piglet
diarrhea. Study of Chen et al. (26) showed that Alkaline mineral
complex water (as used in this study) can improve intestinal
morphology and inflammatory reactions, promote intestinal health,
and accelerate the growth performance of weaned piglets. In addition,
Alkaline mineral complex waterAlkaline mineral complex water can
improve the structure and function of intestinal microflora, maintain
intestinal epithelial regeneration, and improve the ability of piglets to
recover from diarrhea (21, 27). In this experiment, we expected
Alkaline mineral complex water supplementation to improve CD,
enhance partial immune function, and promote their growth,
development, and health. As calves are born with an esophageal sulcus
reflex, their digestive mode is similar to that of non-ruminants (28).
At present, it is known that Alkaline mineral complex water could
improve diarrhea and intestinal immune function. However, as the
largest immune organ in the liver, it is unclear how the expression of
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liver function genes and participation in immunity can be enhanced
by Alkaline mineral complex water supplementation. In addition, the
value of AMC in ruminants has not yet been explored. There has been
no research on AMC in ruminants, and the effect of Alkaline mineral
complex water on the liver transcriptome has not yet been studied.
Hence, our study aimed to evaluate the impact of Alkaline mineral
complex water supplementation on the health of calves and to
investigate the effect of Alkaline mineral complex water
supplementation on calf serum variables and the liver transcriptome.

Materials and methods

All experimental methods and humane endpoints for decreasing
pain in animals were performed after approval by the Experimental
Animal Welfare and Animal Experiment Ethics Review Committee of
China Agricultural University (Approval No. AW01103202-1-32).
Animal research was conducted in accordance with State Council
Order No. 676 of the People’s Republic of China (Regulations on the
Administration of Experimental Animals).

Experimental animals and treatment
headings

The experiment was conducted on a commercial dairy farm in
Yinchuan, Ningxia, China. According to the principle of similar body
weight (BW), and age (1-3 d), 60 neonatal Holstein calves aged
1.88+0.85 d (mean+SD) and weighing 36.63+3.34kg BW were
selected. Briefly, according to a completely randomized design, 60
neonatal calves were randomly divided into two groups in the
experimental cattle farm: the T group (treatment group with alkaline
mineral complex water supplemented during the experiment) and C
group (control group without alkaline mineral complex water
supplementation), with 30 calves (including 10 male calves and 20
female calves) in each group. All experimental calves were housed in
individual hutches (each hutch has an area of at least 2.5x 1.6m).
Calves could have direct visual and tactile contact, and have hay
bedding. Calves were fed at 06:00 and 16:00 daily on the farm, and the
daily liquid feed rate during the experimental period was 4 L/calf at
1-7 d of age, 6 L/calf at 8-14 d, 8 L/calf at 15-25 d, and 10L/calf at
26-50 d; this was reduced by 2 L/calf every 2 d between 51 and 60 days
of age until weaning. Pelleted feed was added to calves at 31 days of
age. The water and pellets were changed daily during feeding to ensure
the pellets were clean and fresh. To ensure that there was no
interference from other mineral elements in this experiment, pure
drinking water was used. The experiment included 7 d of adaptation,
followed by 53 d (until weaning) of formal experimentation. During
the 16-30 d experimental period, two calves in the C group died
because they were unable to recover from diarrheal symptoms.

Experimental feed

Experimental diet according to Nutrient Requirements of Dairy
Cattle (NRC) (29). The ingredients and nutrient compositions of the
diets and
Supplementary Tables S1-53. AMC is a liquid colloidal substance that
is soluble in water, and it contains Na,SiO;, ZnO, Ge-132. Alkaline

experimental liquid feed are listed in
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mineral complex water was supplemented using a continuous syringe
during feeding in the afternoon during the experimental period
(Supplementary Figure S1). The calves were fed twice at 06:00 and
16:00 and had free access to water. The liquid feed for 1-7 d of age of
calves was fed in bottles with rubber nipples, and the calves were
guided to use buckets for liquid feed. Calves after 8days of age
consume liquid feed in buckets. According to Chen et al. (26), based
on the nutritional needs of calves, Alkaline mineral complex water
supplementation should be 5mL per cow per day. All the raw materials
for AMC were provided by Nail Biotechnology Co., Ltd. (Beijing,
China). The compositions of the AMC are listed in Table 1. Both pellet
feed (Borui Technology Co., Ltd., Changchun, China) and feeding
milk (Nutrifeed Co., Ltd., Veghel, Netherlands) were commercial feed.
The mixing ratio of feeding milk was: (milk replacer 1: water 7):
normal milk =1:1. All feed implemented Current National Standards
and Industry Standards for Feed Industry of China. The feed provided
in this study was carefully monitored to ensure that aflatoxin levels
were well below the established safety limits for animal feed.

Growth performance measurements and
diarrhea rate statistics

BW was measured at birth and every month thereafter. Body
weight was measured by weighing the calves 2h before the morning
feeding (when the calves’ stomachs were empty). The weight of the
pellet feed was measured before feeding (06:00) every day, and the
pellet feed intake of the previous day for calves was calculated. The
severity of diarrhea in the experimental calves was graded according
to the consistency of feces. The fecal scores were as follows:

I=normal (retains shape), 2=soft (flows across a surface),
3 =muddy (liquid), and 4 =severe diarrhea (very watery) (14).

Diarrhea rate (%) = (total number of calves with diarrhea x days
of diarrhea)/(total number of experimental calves x experimental
period days) x 100 (30).

One independently trained observer collected the fecal score data.
Calves were defined as having diarrhea with scores of 3 or 4.

Blood samples collection and analysis

Ten calves from each experimental group were randomly selected
for blood analysis. Blood samples were collected as described by Liu
etal. (30). On days 1, 15, 30, 45, and 60 of the experimental period,
blood was collected through jugular puncture using a vacuum blood

TABLE 1 The composition of alkaline mineral complex (AMC)
concentrate.

Ingredient Content Chemical
formula

Sodium metasilicate 200g/L 5H,0-Na,SiO;

pentahydrate

Potassium bicarbonate 100g/L KHCO;

Zinc oxide 10mg/L ZnO

Bis-(carboxyethylgermanium) 1mg/L Ge-132

sesquioxide
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collection vessel without an anticoagulant 2 h after morning feeding.
Blood samples were centrifuged at 3,000xg for 15min at 4°C to
collect serum and stored in 1.5 mL microcentrifuge tubes at —80°C for
later analysis.

According to the radioimmunoassay method, insulin (INS) and
growth hormone (GH) were analyzed with a measuring instrument
(BFM-96, Zhongcheng Electromechanical Technology Development
Co., Ltd., Hefei, China). Total cholesterol (TC), blood urea nitrogen
(BUN), alkaline phosphatase (ALP), total protein (TP), albumin
(ALB), globulin (GLB), malondialdehyde (MDA), glutathione
peroxidase (GSH-PX), superoxide dismutase (SOD) and total
antioxidant capacity (T-AOC) were determined according to the
manufacturer’s instructions, using commercial reagent kits (Nanjing
Jiancheng Co., Ltd., Nanjing, China) and an automatic biochemical
analyzer (CLS880, Zecen Biotechnology Co., Ltd., Jiangsu, China).
The P-hydroxybutyric acid (BHBA), nonestesterified fatty acid
(NEFA), immunoglobulin G (IgG), insulin-like growth factor-1
(IGF-1), insulin-like growth factor binding protein-2 (IGFBP-2),
zonula occludens-1 (ZO-1), endothelin-1 (ET-1), diamine oxidase
(DAO) and D-lactic acid (D-LA) were analyzed using ELISA kits
(Abcam, Cambridge, U K) with a microplate reader (Thermo
Multiskan Ascent, Thermo Fisher Scientific, Shanghai, China).

Collection, RNA extraction, sequencing
and differential expression gene and
function analysis of liver samples

Ten calves were randomly selected for humane slaughter at 60 d
of the experimental period (five calves in Group C and five calves in
Group T). After slaughtering, liver samples were collected from the
same areas of calves in the C and T groups. Liver sample collection
was done according to the method of Zhao et al. (31). Briefly, liver
samples were quickly sectioned, washed with precooled PBS (4°C),
placed in 2 mL sterile cryopreservation tubes, quickly frozen in liquid
nitrogen, and then stored at —80°C for further analysis.

According to the manufacturers instructions (Invitrogen,
Carlsbad, CA, United States), total RNA was extracted from liver
tissue using TRIzol® Reagent and genomic DNA was removed using
DNase I (TaKara, Kusatsu, Japan). RNA degradation and
contamination were monitored by 1% agarose gel electrophoresis.
RNA quality was determined using a 2,100 Biological Analyzer
(Agilent Technologies, Santa Clara, CA, United States) and quantified
using an ND-2000 (NanoDrop Technologies, Wilmington, DE,
United States). Only high-quality RNA samples (OD260/280=1.8-2.2,
0D260/230>2.0, RIN>8.0, 28S:185>1.0>1png) were used to
construct the sequencing library.

RNA purification, reverse transcription, library construction, and
sequencing were performed at Shanghai Majorbio Bio-pharm
Biotechnology Co., Ltd. (Shanghai, China), according to the
manufacturer’s instructions (Illumina, San Diego, CA, United States).
The transcriptome library was prepared using the TruSeqTM RNA
sample preparation Kit from Illumina (San Diego, CA, USA) using
1pg of total RNA. Briefl, mRNA was isolated according to the
poly(A) selection method using oligo(dT) beads and then fragmented
using fragmentation buffer. Next, double-stranded ¢cDNA was
synthesized using a SuperScript double-stranded cDNA synthesis kit
(Invitrogen) with random hexamer primers (Illumina). Then the
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FIGURE 1
Effects of alkaline mineral complex water supplementation on
diarrhea rate of calves. C is the control group; T is the treatment
group. *p <0.05. n = 30 per experimental group.

TABLE 2 Effects of alkaline mineral complex water supplementation on
pellets feed intake in calves.

ltems Experimental c? T SEM p-
period value

Pellets 30-40d 19023 20323 | 29.96 0.66
feed 40-50 d 493.60 49860 | 28.42 0.86
intake, g

50-60 d 963.00 = 964.80 | 20.09 0.95
Total 30-60d 54894 | 55555 1671 0.69
pellets
feed
intake, g

*C, Control group.
YT, Treatment group. Data are presented as the means + SEM (n=30 per experimental group).

synthesized cDNA was subjected to end-repair, phosphorylation and
‘A base addition, according to Illumina’s library construction protocol.
Libraries were selected for cDNA target fragments of 300bp on 2%
low-range ultra-agarose, followed by PCR amplification using Phusion
DNA polymerase (NEB) for 15 PCR cycles. After quantification using
TBS380, the paired-end RNA-seq library was sequenced using an
Mumina NovaSeq 6000 sequencer (2 x 150bp read length).

Data analysis

The data displayed in the tables and figures represent the
mean +standard error of the mean (SEM). Before conducting
statistical analysis, the normality and homogeneity of data of average
daily gain, feed intake and serum variables were tested based on the
description of Marta et al. (32). The effects of Alkaline mineral
complex water supplementation on serum variables in neonatal calves
were assessed using SAS software (version 9.4; SAS Institute Inc., Cary,
NC, United States). According to the following model, a block
experimental design was used for the time, group, and interaction
effects between treatment and group:

Y=pu+T;+G; +TGj+Ey

Y is the dependent variable, 4 is the overall mean, T; is the time
effect, G; is the treatment effect, TG; is the interaction effect between
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T and G, Ej;; is the random residual error. Statistical significance was
set at p<0.05. different. One-way analysis of variance using SAS 9.4,
the statistical significance of the effect of Alkaline mineral complex
water supplementation on se-rum variables. Differences were
considered statistically significant at p <0.05, and trends were declared
at 0.05<p<0.10.

The source of the reference gene was Bos taurus, the version of the
reference genome was ARS-UCD1.2, and the source of the reference
genome was http://asia.ensembl.org/Bo. ctaurus/Info/Index. The
Clean Reads of each sample were sequenced with the specified
reference genome. Transcriptome analysis of liver samples was
performed using the Majorbio Cloud Platform (www.majorbio.com)
(33). Differential expression analysis was performed using DESeq2,
and DEGs with log2(fold change) > 1 and P-adjusted <0.05 (DESeq2)
were considered to be significant DEGs. Kyoto En-cyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis was
per-formed using R software (version 3.3.1). The KEGG pathway
function was considered significantly enriched when the p-value was
<0.05. All other statistical analyzes were performed using GraphPad
Prism version 9 (GraphPad Software).

Results
Diarrhea rate of calves

The effect of alkaline mineral complex water supplementation on
the diarrhea rate is shown in Figure 1. Alkaline mineral complex water
supplementation significantly decreasedthe diarrhea rate for calves
aged 16-30 d (p<0.05).

Average daily gain and feed intake of calves

Alkaline mineral complex water supplementation for pellet feed
intake is presented in Table 2 and Figure 2. Alkaline mineral complex
water supplementation for BW and average daily gain (ADG) are
presented in Table 3. AMC supplementation significantly increased
the BW for calves aged 60 d (p<0.05) and ADG during the
experimental period (1-60 d) (p<0.05). In addition, due to the natural
characteristics of calves, they prefer milk more. All liquid feed calves
fed daily can be consumed.

Serum variables of calves

The effects of alkaline mineral complex water supplementation on
serum variables are presented in Table 4. Compared to calves in the T
and C groups, alkaline mineral complex water supplementation
significantly reduced BUN levels during the experimental period
(p<0.05) and significantly increased T-AOC and IgG levels (p < 0.05).
A significant interaction was observed between the experimental
groups and AMC supplementation time for GLB, IGF-1, IGFBP-2, and
ET-1 (p<0.05). Further analysis of serum variable data revealed that
alkaline mineral complex water supplementation significantly
increased IGF-1 at 30 and 45 days of the experimental period and
IGFBP-2 at 45 d of experimental period (p <0.05) (Figure 3), while
significantly decreasing GLB and IGFBP-2 at 15 d and ET-1 at 30 d of
experimental period (p<0.05) (Figure 3).
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experimental group.

Effects of alkaline mineral complex water supplementation on pellets feed intake of calves. C is the control group; T is the treatment group. n = 30 per

TABLE 3 Effects of alkaline mineral complex water supplementation on
body weight and average daily gain in calves.

Items Experimental c T SEM p-
period value
Body 1d 36.00 36.65 2.00 0.75
weight, 30d 65.13 67.38 1.49 0.40
k
& 60 d 10340 | 107.50 1.92 0.03
Average 1-30d 0.81 1.00 0.11 0.08
daily 30-60d 122 123 0.05 0.95
gain, kg/d
1-60 d 111 1.22 0.04 0.01

*C, Control group.
T, Treatment group. Data are presented as the means + SEM (=30 per experimental group).

Differentially expressed genes in the liver
of C and T groups

A total of 19,019 genes were detected and tested for differential
expression in the liver samples, and 30 were differentially expressed
between the T and C groups (p <0.05) (Figure 4). Table 3 lists the
significant DEGs in the liver samples of the calves; some unnamed
genes are not listed. Respectively, DDIT4, TAT, NOCT, FOSB,
SPRY3, LU-RAP1L, ARHGEF26, DUSP1, FHIT, et al. and GSTT4,
IL1B, DUSP6, MID1IP1, OSGIN1, COBL, TFAP4, et al. transcripts
were up and downregulated in the T group compared to the C
group (Table 5).

KEGG enrichment analysis

The KEGG enrichment analysis results for Alkaline mineral
complex water supplementation are presented in Figure 5. The
significant enrichment pathway was the NF-kappa B signaling
pathway (P-adjusted <0.05). The MAPK signaling pathway and
transcriptional mis-regulation in cancer tended to be significantly
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enriched, although these changes were not statistically significant
(0.05<p<0.10).

Discussion

Alkaline mineral complex water is rich in multiple trace elements.
Although the role of AMC in non-ruminant is generally considered
positive, its effectiveness in cattle farming has not yet been confirmed.
In this study, we evaluated the impact of alkaline mineral complex
water supplementation on the health of calves and investigated the
effect of alkaline mineral complex water supplementation on
production performance, serum variables, and the liver transcriptome.
Our results indicated that alkaline mineral complex water
supplementation could improve the health and promote the growth
of calves.

The CD rate is related to age; calves are at a high risk for CD and
death in early life, and CD in the first 3 weeks of life is a major cause
of death (34, 35). With the growth and development of calves, their
immunity improves and their CD rate decreases (36, 37). Alkaline
mineral complex water contains silicates, which have anti-
inflammatory properties and can effectively treat diarrhea (38). In this
study, alkaline mineral complex water supplementation decreased the
CD rate at 16-30 d of the experimental period. Alkaline mineral
complex water supplementation had no significant effect in other
experimental periods, possibly because Alkaline mineral complex
water the immunity of calves improved with their growth and
development after 30 d.

Feeding and management of calves at a young age are crucial for the
growth, health, and future production performance of dairy cows. The
BW of calves reflects their growth and development and is related to the
incidence of diseases, reproductive performance, and milk yield (39).
CD could have an impact on the BW of calves, which is negatively
correlated with BW even after recovery from CD, and the ADG of calves
could decrease (40). In this study, Alkaline mineral complex water
supplementation increased BW and ADG. Feed palatability is a critical
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TABLE 4 Effects of alkaline mineral complex water supplementation on serum variables in calves.

p-value
Group*Time
INS, mIU/mL 28.09 27.79 1.34 0.82 037
GH, ng/mL 1.34 1.24 0.07 0.16 0.29
GLU, mmol/L 7.46 7.43 0.15 0.84 0.07
TC, mmol/L 2.87 3.05 0.12 0.13 0.86
BUN, mmol/L 2.94 3.30 0.14 0.01 035
TP, g/L 55.20 55.39 0.90 0.84 0.09
ALB, g/L 27.69 27.89 027 0.46 0.63
GLB, g/L 26.36 27.75 0.86 0.11 0.02
MDA, nmol/mL 1.52 1.50 0.03 0.54 0.83
GSH-PX, umol/L 7.06 6.87 0.28 0.49 0.48
SOD, U/mL 46.48 47.33 0.90 0.35 0.64
T-AOC, U/mL 8.30 7.87 0.18 0.02 0.15
NEFA, umol/L 44.92 44.71 0.76 0.77 0.19
BHBA, mmol/L 0.36 035 0.01 0.63 0.07
IgG, mg/mL 21.09 20.09 031 <0.01 0.13
IGF-1, ng/mL 132.16 123.81 4.56 0.07 0.02
IGFBP-2, ng/mL 156.45 151.87 3.14 0.15 0.01
ZO-1, ng/mL 27.79 27.80 0.01 0.99 0.67
ET-1, pg./mL 19.60 20.11 0.14 0.27 0.03
DAO, U/mL 3.87 3.95 0.08 0.67 0.17
D-LA, umol/L 6.31 635 0.05 0.69 0.05

*C, Control group.
"T, Treatment group. Data are presented as the means + SEM (n =10 per experimental group).
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FIGURE 3
Effects of alkaline mineral complex water supplementation on serum variables in calves. (A) GLB, (B) IGF-1, (C) IGFBP-2, (D) ET-1. C is the control
group; T is the treatment group. Data are presented as the means + SEM (n = 10 per experimental group). *p < 0.05.
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FIGURE 4
Volcano map of differentially expressed genes in the liver of calves at 60 d of the experimental period. The horizontal coordinate is the multiple of
gene/transcript expression difference between the two samples, namely the value obtained by dividing the amount expressed by treated samples by
the expression amount of control samples; the vertical coordinate is the statistical test value of gene expression difference, namely the p value. The
larger the —log10(p-value) is, the more significant the difference in ex-pression is. Both the horizontal and vertical values are logized. Each dot in the
figure represents a specific gene, with red, blue, and gray dots representing significantly up-regulated, significantly downregulated, and non-significant
genes, respectively. The points on the left and right are genes with downregulated and upregulated expression, respectively. The closer to the two
sides and the point on the top, the more significant the expression difference.

factor influencing feed intake and, subsequently, animal performance
(41). In this experiment, calves could quickly consume all liquid feed
every day due to their preference for milk. And there was no difference
in the intake of pellet feed for calves. Therefore, AMC supplementation
did not interfere with the normal feeding of calves in this experiment.
In particular, Alkaline mineral complex water supplementation
significantly increased the BW of calves aged 60 d and significantly
increased the ADG during the experimental period (1-60 d). In this
experiment, the decrease in CD and the increase in feed intake may
be the reasons for the increase in calf BW and ADG. Increases in BW
and ADG are of great significance for future calf production.

BUN is an important indicator of the balance between amino acid
and protein metabolism in animals. Coma et al. (42) showed that animals
with lower BUN concentrations had normal amino acid metabolism and
higher protein synthesis rates. In this study, AMC supplementation
significantly reduced BUN levels during the experimental period, which
may indicate that AMC supplementation can improve the utilization rate
of dietary protein in calves. This may be one of the reasons for the
increase in BW and ADG during the experimental period.

Alkaline mineral complex water is an excellent source of silicon
and zing; these elements are related to the immune system and have
anti-inflammatory and antioxidant effects (23, 43-45). Excessive
serum globulin levels are associated with inflammation (46).
Endothelial damage may increase ET-1 production (47). Alkaline
mineral complex water supplementation significantly reduced GLB
and ET-1, especially on days 15 and 30 of the experiment. Calves were
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most vulnerable and had the highest rates of CD in the period within
30 d after their birth. IgG can indicate the strength and weakness of
the immune system, and the survival and well-being of calves are
strongly dependent on IgG (48). Total antioxidant capacity represents
the total antioxidant levels of various antioxidant substances and
enzymes (49). In this study, AMC supplementation significantly
increased T-AOC and IgG levels. Changes in these serum variables
imply that Alkaline has
immunomodulator, anti-inflammatory, and antioxidant effects on

could mineral complex water
calves and that alkaline mineral complex water supplementation
improved their health. In addition, AMC supplementation promoted
calf growth. AMC supplementation significantly increased IGF-1 and
IGFBP-2 levels, particularly in the later period of the experiment.
IGF-1 and IGFBP-2 are growth-promoting factors that costimulate
osteoblast differentiation (50, 51); increases in BW and ADG
confirmed this result. IGF signal transduction is regulated by
conserved members of the IGFBP family. IGFBP-5 is a multifunctional
protein that conditionally regulates IGF signaling as a molecular
switch (52). In the present study, the increase in IGF-1 and IGFBP-2
levels in the treatment group may have been due to the significant
upregulation of IGFBP-5. However, the specific regulatory mechanism
of IGFBP-5 gene is still unclear and warrant further investigation.
The liver is the largest organ in the body and plays an important
role in the immune system (53). NF-kappa B signaling pathway is a
highly conserved evolutionary pathway that plays important
functions in regulating immune and inflammatory responses (54). In
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TABLE 5 Significantly differentially expressed genes in the liver samples of calves at 60 d of the experimental period.

10.3389/fvets.2023.1282055

Gene id Gene name Log2FC (T/C) p value P-adjust Regulate
ENSBTAG00000000163 DDIT4 1.50 6.00E-08 1.89E-04 Up
ENSBTAG00000000170 GSTT4 -3.31 5.59E-05 0.02 Down
ENSBTAG00000001321 IL1B -1.12 9.87E-06 0.01 Down
ENSBTAG00000002214 TAT 1.02 8.03E-10 6.42E-06 Up
ENSBTAG00000004587 DUSP6 —1.49 5.87E-14 9.38E-10 Down
ENSBTAG00000005998 NOCT 2.04 1.53E-04 0.04 Up
ENSBTAG00000008182 FOSB 247 3.92E-05 0.02 Up
ENSBTAG00000010245 SPRY3 1.20 2.24E-05 0.01 Up
ENSBTAG00000010431 LURAPIL 1.47 1.67E-06 1.66E-03 Up
ENSBTAG00000011463 MIDI1IP1 —-1.52 2.85E-07 0.65E-03 Down
ENSBTAG00000012508 OSGIN1 -1.01 1.02E-04 0.03 Down
ENSBTAG00000013439 ARHGEF26 1.04 2.90E-05 0.01 Up
ENSBTAG00000013863 DUSP1 1.53 7.09E-08 1.89E-04 Up
ENSBTAG00000014418 FHIT 2.54 2.65E-06 2.12E-03 Up
ENSBTAG00000017162 STK39 1.64 2.38E-05 0.01 Up
ENSBTAG00000021672 RGS1 1.47 3.70E-06 2.53E-03 Up
ENSBTAG00000023806 COBL —-1.24 1.20E-05 6.20E-03 Down
ENSBTAG00000033174 TFAP4 -1.01 1.54E-04 0.04 Down
ENSBTAG00000039819 RPH3AL 1.39 3.61E-05 0.01 Up
ENSBTAG00000047103 IDNK 1.29 1.41E-05 0.01 Up
ENSBTAG00000052499 RNF39 —-2.21 2.64E-06 2.12E-03 Down
ENSBTAG00000054218 IGFBP5 1.22 9.81E-05 0.03 Up
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FIGURE 5
Kyoto Encyclopedia of Genes and Genomes enrichment analysis in the liver samples of 60 days of the experimental period of calves. The vertical axis
represents the pathway names, and the horizontal axis represents the ratio of the enrichment factor (sample number of genes/transcripts enriched in
this pathway to the background number of annotated genes/transcripts). The larger the enrichment factor, the greater the degree of enrichment. The
size of dots indicates the number of genes in this pathway, and the colors of the dots correspond to different P-adjusted ranges. The enrichment
results of top 20 were displayed when P-adjusted <0.05.
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the liver, NF-kappa B signaling pathway is an important
transcriptional regulator of inflammatory response and plays an
essential role in regulating liver inflammatory signaling pathways
(55). In this study, alkaline mineral complex water supplementation
significantly regulated the NF-kappa B signaling pathway in the liver.
Chen et al. found that Alkaline mineral complex water could target
the inhibition of NF-kappa B signaling pathway through microbial-
intestinal interaction (27). IL-1B, one of the main cytokines involved
in the pathogenesis of many inflammation-related diseases, and it can
regulate the NF-kappa B signaling pathway (56, 57). In this study,
alkaline mineral complex water supplementation significantly
downregulated the IL-1B gene Research showed that trace elements
that are abundant in alkaline mineral complex water could inhibit the
IL-1B gene (58). This study showed that alkaline mineral complex
water supplementation could inhibit the target genes of the NF-kappa
B signaling pathway, affected the immune function of the liver, and
improved the health of calves.

Calves, especially female calves, play a crucial role in the future
of any herd, making them an important component of dairy farms.
Raising calves requires a significant investment of resources and time
to achieve profitability (59). Therefore, raising calves requires
consideration of cost. Some limitations need to be acknowledged.
Although alkaline mineral complex can be proven beneficial for
calves, it is necessary to continuously supplement alkaline mineral
complex before weaning. If large-scale fed can reduce the number of
days for alkaline mineral complex supplementation, it can save costs.
The cost of commercial alkaline mineral complex supplementation
in calves does not exceed 0.04 dollars per calf per d, indicating that
alkaline mineral complex is more economical compared to regular
antibiotics. In the future, emphasis should be placed on determining
the number of days calves are supplemented with alkaline mineral
complex to save more costs.

Conclusion

Under the experimental conditions applied, Alkaline mineral
complex water supplementation promoted the growth and health
of the calves, possibly by enhancing T-AOC, IgG, IGF-1, and
IGFBP-2, thereby improving growth-promoting factors, antioxidant
status, and partial immune function in calves. These effects decrease
CD and promote the growth of calves. It is worth noting that
Alkaline mineral complex water supplementation could inhibit the
target IL-1B gene of the NF-kappa B signaling pathway, affect the
immune and anti-inflammatory functions of the liver, and improve
the health of calves. Overall, alkaline mineral complex water
supplementation decreased calf diarrhea and improved, partial
immune function, anti-inflammatory activity, antioxidant capacity,
and health of calves; thus, it is a candidate to replace medicated
feed additives.
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