
Page 1/26

Effects of waste milk on growth performance,
immunity, and gut health of dairy calves
Xinyue Zhang 

Northeast Agricultural University https://orcid.org/0000-0002-0602-2636
Tao Ma 

Chinese Academy of Agricultural Sciences
Chuanteng Cheng 

Northeast Agricultural University
Jingyi Lv 

Northeast Agricultural University
Haixin Bai 

Northeast Agricultural University
Xin Jiang 

Northeast Normal University
Yonggen Zhang 

Northeast Agricultural University
Hangshu Xin  (  xinhangshu@163.com )

Northeast Agricultural University

Research

Keywords: waste milk, calves, growth performance, health, immune, fecal microbiota

Posted Date: October 5th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-942172/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Animal Feed Science and Technology on
February 1st, 2022. See the published version at https://doi.org/10.1016/j.anifeedsci.2022.115241.

https://doi.org/10.21203/rs.3.rs-942172/v1
https://orcid.org/0000-0002-0602-2636
mailto:xinhangshu@163.com
https://doi.org/10.21203/rs.3.rs-942172/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.anifeedsci.2022.115241


Page 2/26

Abstract

Background
Liquid feed are the major nutrient source that can have a signi�cant impact on the growth and
development of immune system of calves before weaning. Waste milk containing antibiotic residue has
been produced because of the continuous expansion of dairy farms. In order to reduce economic loss
and prevent environmental pollution, most farms seem waste milk as one of the calves’ liquid feeds.
However, there is limited information to report the effects of waste milk on growth performance,
especially immunity function of calves. Thus, the objective of this study was to investigate the effects of
waste milk on growth, immunity and gut health of dairy calves.

Results
Feeding WM improved hip width, hip height, heart girth, �nal body weight, and feed e�ciency of dairy
calves compared to MR. Plasma concentrations of IgA, IgM, IgG and IL-10 were higher and TNF-α was
lower in WM group. In addition, treatment and time interactively affected plasma concentrations of IgG
and IL-2, which increased and decreased in WM group but decreased and increased in MR group,
respectively, from 49 to 70 d of age. There was no difference in diarrhea case and average days of
diarrhea among treatments. Difference in fecal microbiota was observed between MR and WM groups
only at 49 d of age. Analysis of differential abundance showed that the increase in the relative
abundance of Prevotellaceae NK3B31 group and the decrease in that of Bacteroides was higher in WM
than MM group from 49 to 70 d of age.

Conclusions
WM had bene�cial effects on growth performance and did not affect health statue, which might be
explained by enhanced immune function modulated by fecal microbiota.

Study Design
This trial was performed according to randomized complete block design and calves were assigned to 4
blocks based on arrival date. Within each block, calves were randomly allocated to three dietary
treatments including 100% milk replacer (MR, Land O' Lakes, Arden Hills, MN), 50% pasteurized waste
milk mixed with 50% milk replacer (MM), as well 100% pasteurized waste milk (WM, including milk with
antibiotic and transition milk of 2~3 d of postpartum cows at Nestle Dairy Farm Institute).

Background
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Calves are born with an immature immune system (1) and thus rely on colostrum to acquire passive
immunity during the �rst days of life (2–3). After successful transfer of passive immunity, liquid feed is
the main source of nutrition that plays an essential role in the development of immune functions of
calves (3–4). Whole milk, milk replacer, and waste milk are the most common liquid feeds for calves on
dairy farms (5). Although whole milk is generally considered as the best liquid feed for calves, it is mainly
produced for human consumption (6). On the other hand, milk replacer is made up from high quality
materials that are easy to digest and can meet the nutritional requirements of calves (7). In addition, due
to the continuous expansion of dairy farms, a large amount of waste milk including transitional milk,
abnormal milk and milk with antibiotic residue has been produced. In the United States, calves in 87.2%
of dairy farms are fed waste milk (8) and in England and Wales, this proportion is 83% (9). In China,
although it is estimated that the annual production of waste milk accounts for 2 ~ 4% of the total milk
production, that is, 0.8 ~ 1.6 million tonnes (10), the application of waste milk is limited.

Immunoglobulins (Ig), including IgG, IgA and IgM, can bind antigen and activate complement (11), and
protect calves from pathogens. A study showed that serum concentrations of IgG and IgA of pre-weaned
calves fed with waste milk was signi�cantly higher than those fed with raw milk (12). On the contrary,
another study showed that no difference in serum concentration of IgM between waste milk and raw milk
was observed, although IgG concentration was lower in calves fed with waste milk (13). Additionally,
tumor necrosis factor alpha (TNF-α) participates in cell-mediated immune responses and defenses
against intracellular viruses and mycoplasma (14–15). Interleukins (IL) are a class of immune factors
that play an important role in regulating in�ammation and immune responses induced by infection and
injury (15). Tarradas reported that serum concentrations of TNF-α and IL-1β of calves fed waste milk were
signi�cantly higher than those fed whole milk (16). However, above studies did not explain the reason of
difference in immune parameters caused by different liquid feeds, which we speculate that might be
related to the change of gut microbiota.

Most liquid feeds �ow directly into the abomasum, and thus the intestine is the major digestion site for
pre-weaned calves (5). The intestinal tract microbiota is considered to play an important role in
establishing immune system and protecting the host against pathogens (17). For example, Clostridium
could enhance the anti-in�ammatory effect in acquired immunity and contribute to the expansion of
Foxp3 + Treg cells in the peripheral circulation (18). Treg cells can express IL-10, IL-2, TGF-β and other
interleukins, and induce immune tolerance and immunosuppression (19). Effect of waste milk on
intestinal microbiota are inconsistent among studies. For example, some studies showed that the amount
of antibiotic-resistant Escherichia coli increased in the feces of calves fed waste milk compared with raw
milk and milk replacer (20–21), while there was no difference in the percentage of antibiotic-resistant E.
coli in feces between calves fed waste milk and milk replacer (22). Compared to raw milk, waste milk
tended to increase the abundance of cecal mucosa-associated bacteria (10). On the contrary, another
study showed that feeding waste milk did not change the relative abundance of fecal bacterial
composition compared to raw milk (23). However, there is no study investigating if and how waste milk
modulate growth and health by regulating intestinal microbiota in dairy calves. The objective of this
study was therefore to evaluate the effects of waste milk on growth, health, plasma immune parameters,
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and fecal microbial composition of dairy calves. We hypothesized that feeding waste milk could improve
the growth performance and immune functions via regulating the gut microbiota of dairy calves.

Materials And Methods
This experiment was carried out from November 7, 2020 to February 2, 2021 at Nestle Dairy Farm
Institute (DFI, Harbin, Heilongjiang, China, E 125°41′, N 45°08′). The average temperature and humidity
were −12.7°C and 69.7%, respectively. Treatment of disease followed the standard operating procedures
at DFI and sick calves were treated by a veterinarian accordingly. 

Calves, Housing, and Diets 

A total of twenty-four Holstein male calves were separated from their dams after birth and placed in
individual pens (1.8 m × 0.8 m) on straw beddings. Calves were fed 4 L colostrum within 3 h after birth
and another 4 L colostrum within 12 h to ensure the successful passive transfer of immunity. Then 4 L of
pasteurized whole milk were provided twice daily (1100 h and 1900 h) until 7 d of age. After that, calves
were bottled-fed three times a day at 0730 h, 1430 h and 2200 h the whole study with an adjusted step-
up/step-down milk feeding protocol as 5, 6, 7, 6, 5, 4 and 3 L at wk 1, 2, 3, 4, 5, 6, 7 and 8, respectively. All
calves were weaned at 56 d of age and the experiment was terminated at 70 d of age.

This trial was performed according to randomized complete block design and calves were assigned to 4
blocks based on arrival date. Within each block, calves were randomly allocated to three dietary
treatments including 100% milk replacer (MR, Land O' Lakes, Arden Hills, MN), 50% pasteurized waste
milk mixed with 50% milk replacer (MM), as well 100% pasteurized waste milk (WM, including milk with
antibiotic and transition milk of 2~3 d of postpartum cows at DFI). Milk replacer was mixed with warm
water (46 ℃) at a ratio of 1:7 and waste milk was pasteurized by heating up to 72 ℃ for 15 s and cooled
down to 38~40 ℃ for bottle feeding. During the experiment, starter and fresh water were fed ad libitum
from 8 d of age. Intake of starter was recorded daily, and samples were taken every two weeks, which
were kept frozen for subsequent analyses. 

Measurements, Sampling, and Analyses 

Body weight (BW), height, length, hip width, hip height and heart girth were measured as described by
Mirzaei (24) before morning feeding at 8 d, 56 d and 70 d of age. Starter intake were analyzed every two
weeks, and average daily gain (ADG), dry matter intake (DMI) and feed e�ciency (FE) were calculated
from 8 to 56 d (pre-weaned period), 57 to 70 d (post-weaned period) and 8 to 70 d (whole experiment
period) of age. Fecal consistency was scored daily before morning feeding according to the guideline by
Larson (25): 1 = �rm, well-formed (not hard); 2 = soft, pudding like; 3 = runny, pancake batter; 4 = liquid,
splatters, pulpy orange juice. Feces were estimated abnormal when the score ≥ 3, and a diarrhea case
was de�ned when fecal score was ≥ 3 for at least 2 days.
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Blood samples were obtained from the jugular vein into heparin sodium tubes before morning feeding at
8, 49, and 70 d of age. Following collection, blood samples were separated by centrifuging at 3500 × g for
10 min to obtain plasma, which was divided into several aliquots and stored at −20°C for subsequent
analyses. The concentration of IgG, IgM, IgA, IL-2, IL-6, IL-10 and TNF-α were measured using ELISA
assays (Enzyme-linked Biotechnology Co., Ltd, Shanghai, China).

Fresh feces were obtained by-hand from the rectum of calves using clean gloves at 49 d and 70 d of age.
After collection, part of samples was directly stored at −80 °C for analysis of 16S rRNA gene copies of E.
coli and Lactobacillus species. Pour plate method was used for counting bacteria (26) using Maconkey
Agar Medium (Aoboxing, Beijing, China) for E. coli and MRS Agar Medium (Aoboxing, Beijing, China) for
Lactobacillus species (21, 27). The remaining fecal samples were diluted with water (1:4) for measuring
pH using a glass electrode (Sartorius, Göttingen, Germany). 

The bacterial community was pro�led by sequencing V3–V4 hypervariable region of 16S rRNA genes
using 314F (5′-CCTAYGGGRBGCASCAG-3′) and 806R (5′-GGACTACNNGGGTATATAAT-3′) primers (28). The
amplicons were sequenced (2 × 250 bp) using the nova PE250 in Novaseq 6000 platform (Novogene,
Tianjin, China). Analysis of the sequence data were performed using Quantitative Insights Into Microbial
Ecology 2 (29) (QIIME2, version 2021.04). Amplicon sequence variants were generated using DADA2 (30)
work�ow to remove the barcodes, primers and low-quality sequences. The taxonomic classi�cation was
performed using the SILVA database (SILVA Release 138) based on 99% sequence similarity. All
sequences were deposited in the NCBI Sequence Read Archive under the project number PRJNA752817.

Statistical Analysis

Growth performance, plasma immune parameters, fecal scores, health-related indices, and copy numbers
of E. coli and Lactobacillus) analyses were conducted using PROC MIXED procedure of SAS (version 9.4;
SAS Institude Inc., Cary, NC), with treatment and sampling time as �xed effect, and block as random
effect. Initial value of body weight, structural measures and blood immune indices were considered as
covariates. Treatment, age, and their interactions were included in the model as �xed effects. 

Fecal bacterial alpha diversity and relative abundance of bacterial taxa were analyzed using Kruskal-
Wallis test in R (version 4.0.2; R Foundation for Statistical Computing, Vienna, Austria), and the P-value
was adjusted based on false discovery rate (FDR) using the Benjamini-Hochberg algorithm. Principal
coordinate analysis (PCoA) of the fecal microbial pro�les was conducted using Bray-Curtis distance and
permutational analysis of variance (PERMANOVA) in QIIME2. Statistical signi�cance was declared at P ≤
0.05 and trends at 0.05 < P ≤ 0.10. One calf became ill and dead at 14 d of age and thus the data for this
calf was excluded from the dataset before analysis.

Results
Growth Performance 
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No interactive effect of treatment and age was observed on starter intake (P = 0.87; Figure 1). Starter
intake increased signi�cantly with age (P < 0.001), however, which was not different among treatments (P
= 0.27). Both treatment (P = 0.01) and age (P < 0.001) signi�cantly impacted BW of calves, which was
not affected by their interactions (P = 0.92) (Figure 2). BW of calves in WM group was highest at 70 d of
age. No interactive effect of treatment and age was found on body measurements, which increased over
age (P < 0.001) (Table 2). Hip width (P = 0.007), hip height (P = 0.03) and heart girth (P = 0.008) were
higher in WM group than other two groups. Compared with MM, calves fed WM had greater body length
(P = 0.04). No difference was observed in body height (P = 0.13) among treatment.

No interactive effect of treatment and age was observed on ADG (P = 0.89; Table 3), DMI (P = 0.69), and
FE (P = 0.92). No difference was showed in ADG and DMI among treatments (P > 0.05). FE was
signi�cant higher in WM group during the whole period (P = 0.04). All these measurements increased
signi�cantly over age (P ≤ 0.05). 

Plasma immune parameters

Interactive effect of treatment and age was found on plasma concentration of IgG (P = 0.05) and IL-2 (P <
0.001; Table 4), but not observed on IgA, IgM, IL-6, IL-10 and TNF-α. Speci�cally, plasma concentrations of
IgG and IL-2 increased and decreased in WM group, but decreased and increased in MR group,
respectively, from 49 to 70 d of age. Concentrations of IgA (P < 0.001) and IgG (P < 0.001) of calves fed
WM were signi�cantly higher than those of calves fed MM and MR, and was also higher in MM than MR
group (P < 0.001) regardless of age. Plasma concentration of IgM (P < 0.001) and IL-10 (P < 0.001) were
lower in MR group at 49 and 70 d of age. Concentration of IL-2 was lower (P = 0.006) and higher (P =
0.006) at 49 and 70 d of age, respectively, in MR than MM and WM groups. At 70 d of age, concentration
of IL-2 was higher in MR group (P < 0.001) but not different (P = 0.11) in WM group compared with 49 d
of age. Plasma concentration of TNF-α was highest in MR treatment and lowest in WM treatment at 49
and 70 d of age (P < 0.001). Concentration of IL-6 tended to decrease in calves fed with WM (P = 0.06).

Fecal score and health status

There was no interactive effect of treatment and age on fecal score and health-related indicators except
for oral electrolyte treatment times (Table 5), which was higher in MM group during pre-weaned period (P
= 0.001). Fecal score (P = 0.01) and abnormal fecal days (P = 0.03) were signi�cantly higher in WM group
during pre-weaned and post-weaned period. The average days (P = 0.08) and longest diarrhea days (P =
0.07) tended to be higher in WM group. We observed no difference in diarrhea case (P = 0.13), average
days to recover from diarrhea (P = 0.22), treated with antibiotic times (P = 0.26) and fecal pH (P = 0.32)
among treatments throughout the experimental period. 

Fecal bacterial diversity and taxonomic compositions

Copy numbers of E. coli and Lactobacillus were not different among treatments at 49 or 70 d of age
(Figure 3). Shannon (P = 0.01) and Simpson (P = 0.002) indices were signi�cantly higher in MR group at
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49 d of age, but no difference was found among treatments at 70 d of age (P > 0.05; Table 6). Similarly,
no difference was observed in Chao 1 index at 49 or 70 d of age (P > 0.05). Beta diversity based on Bray-
Curtis distance showed clear separation of samples among treatments at 49 (P = 0.002) but not 70 d of
age (P = 0.80, PERMANOVA; Figure 4). Bacterial taxa with a relative abundance > 0.1 % in at least 4
calves per group was considered as identi�ed in this study. Bacteroidota and Firmicutes were
predominant phylum at 49 and 70 d of age in all treatments and Actinobacteriota did not exist in MR
group at 49 d (Figure 5). At genus level, the relative abundances of Prevotellaceae NK3B31 group (P =
0.01) and Eubacterium coprostanoligenes group (P = 0.03) were highest in MR group, meanwhile, the
relative abundances of UCG-005 (P = 0.01), Christensenellaceae R-7 group (P = 0.03), and Bacteroides (P
= 0.02) were highest in WM group at 49 d of age. Meanwhile, above differences did not discover at 70 d.

Differential abundance was analyzed to compare the temporal changes in bacterial diversity and
composition among treatments. We found that the difference in the relative abundance of only two
genera (Prevotellaceae NK3B31 group and Bacteroides) between 49 and 70 d of age were different
among treatments. Speci�cally, the increase in the relative abundance of Prevotellaceae NK3B31 group
(P = 0.03) and the decrease in that of Bacteroides (P = 0.04) was higher in WM than MM from 49 to 70 d
of age (Figure 6).

Discussion
Li (31) reported that adding antibiotics to MR did not affect starter intake of Holstein × Angus crossbred
calves, which is similar to our �ndings that antibiotic in WM group has no difference in comparison with
MR group. However, BW of calves in WM group was higher than MR group in the present study, which is
in accordance with the �ndings in calves from 4 to 13 week of age reported by Brunton (22). The result
might due to that MR contains lower energy compared with WM, and the calves fed MR may only have
maintenance energy to cope with the cold condition. Conversely, WM had more energy to support the
growth of calves (32). Body skeletal growth is an important indicator to re�ect overall development of
calves, as well as an intuitive re�ection of body growth and feeding level. Our study showed that calves
fed WM had greater skeletal growth and development, which may be associated with the change of BW,
as Heinrichs reported that there was a signi�cant correlation between BW and heart girth (33).

Han (12) reported that the serum concentrations of IgG and IgA of calves fed with WM at 60 d of
experiment were signi�cantly higher than those fed with whole milk, which is similar to our result. This
may be due to the existence of antibiotic residue in WM that can improve the phagocytic activity of
granulocytes in blood (34). On the other hand, inclusion of transition milk can lead to a high amount of
blood immunoglobulin, which may be associated with high BW of calves (35). In addition to
immunoglobulins, cytokines are essential to the immune function of neonatal calves (36). As a
proin�ammatory factor, higher plasma concentration of IL-2 in MM and WM at 49 d but not 70 d of age
might indicate that calves fed WM were more resistant to in�ammation as they grew. IL-6 is associated
with the growth and differentiation of lymphocytes and B cells and TNF-α often induces partial
in�ammatory changes and mediate systemic acute-phase responses to tissue injury and microbial
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invasion (37). Lower plasma concentration of IL-6 and TNF-α in calves of WM group showed that WM
could improve the level of immune parameters before or after weaning, and the increasing immunity
might be related to high milk protein content. Han (12) suggested that high protein level in diet could
enhance the anti-infection ability by affecting the T cell immune response. Indeed, higher concentration
of IL-10 in WM group was found in our experiment. IL-10 is an anti-in�ammatory cytokine that plays a
pivotal role in the function of regulatory T cells that control in�ammatory responses in the intestine (38).
Furthermore, Gifford (39) claimed that acute phase in�ammatory reactions have been linked with lower
BW gain in calves, which might be the reason why calves in WM group had higher body weight. In
addition, the change of IgG and IL-2 between 49 and 70 d of age potentially illustrate that liquid feed may
have a long-term in�uence on growth performance of calves, which warrants further investigation.

The goal of a successful calf-rearing program is to minimize morbidity and mortality (40). In the current
study, fecal scores were monitored daily, which has been frequently used to evaluate calves’ health status
(41–42). Consistent with previous studies, calves had high incidence of diarrhea during �rst weeks of life
(43–44). Godden (32) reported that WM containing antibiotic residue could help calves to overcome the
challenging period of early life and decrease the incidence of diarrhea and mortality in comparison to MR.
However, no difference was found in the incidence of diarrhea case in our study, which might be related to
the concentration of antibiotic residue in WM (45).

Gut microbiota during early life plays a vital role in modulating host intestinal barrier function, immune
system development, metabolism, and health (46). Richness describes the number of unique taxa present
in a sample, whereas evenness expresses the distribution of the taxa present in a sample (47). In this
present study, the result of Simpson index demonstrates that MM and WM groups are associated with
reduced microbial evenness at 49 d of age compared with MR group. A potential explanation for the
decreased bacterial diversity observed in MM and WM groups may be related to antimicrobial effects of
antibiotics as shown by Deng (10). In addition, results based on PCoA suggest that different feeding
strategies was associated with dissimilarities in microbial composition and community structure after
considering presence, abundance, and phylogenetic relationships between taxa, but no difference was
observed until 70 d of age. Moreover, failure to observe the change of differential abundance in Shannon
index and Bray-curtis distance of fecal bacteria among treatments suggest that no effect of liquid feed
source on the change of fecal bacterial diversity between pre-weaned and post-weaned.

Firmicutes is regarded as the most predominant phylum during the �rst 49 d of life in fecal samples of
dairy calves (48–49), while others reported that Bacteroidetes is the most predominant phylum in feces
of pre-weaned calves (50–51). Similar to later, Bacteroidetes is also detected as the most abundant
phylum in the present study. These inconsistent results may be due to different calf feeding strategies,
and breed or sampling methods (36). Few studies analyzed microbial pro�le using local intestinal tissue
and content samples (52–54), because fecal samples are noninvasive and easy to collect repeatedly
(55), and it has been recently investigated that fecal microbial composition could be a good indicator of
the gastrointestinal microbiome (56). Therefore, selecting the representative intestinal samples to explore
the microbial pro�le is encouraged in the future.



Page 9/26

Prevotellaceae NK3B31 group can promote anti-in�ammatory responses (57). The differential abundance
of this genus may explain the reason of the change in plasma concentrations of IgG and IL-2 between
pre-weaned and post-weaned. Similarly, Bacteroides is considered as biomarker in in�ammatory bowel
diseases, which can impair intestinal barrier and subsequently invade body as well as induce
endotoxemia (58–59). After weaning, the decrease in the relative abundance of Bacteroides also
suggested that calves fed WM may establish more resistant to pathogens. Furthermore, the genus
shifting from Bacteroides to Prevotellaceae NK3B31 group may indicate a metabolism change, including
amino acid, and carbohydrate and lipid, and nucleotide (60). In addition, previous study has reported that
increased relative abundance of Proteobacteria has been correlated with antibiotic use (61).
Unfortunately, the antibiotic resistance genes (ARG) were not measured in this trial. It is therefore
essential to investigate pro�les of ARG in gut microbiome and observe differential abundance between
supplying WM with antibiotic residue and whole milk.

Conclusions
In current study, we demonstrated that WM had bene�cial effects on growth performance and a limited
in�uence on health statue in comparison of MR, possibly by improving plasma immune parameters
regulated by gut microbiota. Further studies should be performed to investigate the long-term effect of
use of WM on growth and development of immune functions of calves.

Abbreviations
Ig: Immunoglobulins

TNF-α: Tumor necrosis factor alpha

IL: Interleukins

DFI: Nestle Dairy Farm Institute

MR: 100% milk replacer

MM: 50% pasteurized waste milk mixed with 50% milk replacer

WM: 100% pasteurized waste milk

BW: Body weight

Average daily gain: ADG

Dry matter intake: DMI

FE: Feed e�ciency



Page 10/26

False discovery rate: FDR

Principal coordinate analysis: PCoA

Declarations

Availability of data and materials
The data sets from the current study are available from the corresponding author on reasonable request.

ACKNOWLEDGEMENTS

The authors acknowledge the staff of Nestle Dairy Farm Institute for their assistance in feeding and
sample collection. The authors also acknowledge the experimental support provided by Northeast
Agricultural University. 

Funding
The work was supported by the National Natural Science Foundation of China (Grant No. 31702135) and
China Agriculture Research System of MOF and MARA.

Author Contributions
XH, ZY and JX contributed to conception and design of the study. XH and MT organized the database.
XH, MT and ZX performed the statistical analysis. ZX, CC, LJ, and BH raised calves during the whole
experiment. ZX wrote the �rst draft of the manuscript. All authors contributed to manuscript revision,
read, and approved the submitted version.

Corresponding author

Correspondence to Hangshu Xin

Ethics approval and consent to participate
The animal study was reviewed and approved by the Ethical Committee of the College of Animal Science
and Technology, Northeast Agriculture University.

Consent for publication
Not applicable.



Page 11/26

Competing interests
The authors declare that they have no competing interests

References
1. Hernández-Castellano LE, Özçelik R, Hernandez LL, Bruckmaier RM. Short communication:

Supplementation of colostrum and milk with 5-hydroxy-l-tryptophan affects immune factors but not
growth performance in newborn calves. J Dairy Sci. 2018;101:794–800. doi:10.3168/jds.2017-
13501.

2. Osorio JS. Gut health, stress, and immunity in neonatal dairy calves: the host side of host-pathogen
interactions. J Anim Sci Biotechnol. 2020;11:105. doi:10.1186/s40104-020-00509-3.

3. Zwierzchowski G, Miciński J, Wójcik R, Nowakowski J. Colostrum-supplemented transition milk
positively affects serum biochemical parameters, humoral immunity indicators and the growth
performance of calves. Livest Sci. 2020;234:103976. doi:10.1016/j.livsci.2020.103976.

4. Górka P, Kowalski ZM, Pietrzak P, Kotunia A, Jagusiak W, Zabielski R. Is rumen development in
newborn calves affected by different liquid feeds and small intestine development? J Dairy Sci.
2011;94:3002–13. doi:10.3168/jds.2010-3499.

5. Zhang R, Zhang WB, Bi YL, Tu Y, Beckers Y, Du HC, et al. Early Feeding Regime of Waste Milk, Milk,
and Milk Replacer for Calves Has Different Effects on Rumen Fermentation and the Bacterial
Community. Animals (Basel). 2019;9:443. doi:10.3390/ani9070443.

�. Moore DA, Taylor J, Hartman ML, Sischo WM. Quality assessments of waste milk at a calf ranch. J
Dairy Sci. 2009;92:3503–9. doi:10.3168/jds.2008-1623.

7. Milk replacer composition and method. 2002. https://patents.google.com/patent/US6348223B1/en.

�. USDA National Agricultural Statistics Service. Milk Cows and Production. 2002.
https://www.nass.usda.gov.

9. Brunton LA, Duncan D, Coldham NG, Snow LC, Jones JR. A survey of antimicrobial usage on dairy
farms and waste milk feeding practices in England and Wales. Vet Rec. 2012;171:296.
doi:10.1136/vr.100924.

10. Deng Y, Wang Y, Zou Y, Azarfar A, Wei XL, Ji SK, et al. In�uence of dairy by-product waste milk on the
microbiomes of different gastrointestinal tract components in pre-weaned dairy calves. Sci Rep.
2017;7:42689. doi:10.1038/srep42689.

11. Vanderhaeghen W, Dewulf J. Antimicrobial use and resistance in animals and human beings. Lancet
Planet Health. 2017;1:e307–8. doi:10.1016/S2542-5196(17)30142-0.

12. Han Y, Qu Y, Wu J, Li W, Yuan X, Pan Q, Gao Y. Effects of β-lactam Antibiotic-contaminated Milk on
Growth Performance and Blood Immune Parameters in Holstein Calves. China Animal Husbandry
Veterinary Medicine. 2017;44:2009–15..(in Chinese).



Page 12/26

13. Zou Y, Wang Y, Deng Y, Cao Z, Li S, Wang J. Effects of feeding untreated, pasteurized and acidi�ed
waste milk and bunk tank milk on the performance, serum metabolic pro�les, immunity, and
intestinal development in Holstein calves. J Anim Sci Biotechnol. 2017;8:53. doi:10.1186/s40104-
017-0182-4.

14. Bensaude E, Turner JLE, Wakeley PR, Sweetman DA, Pardieu C, Drew TW, et al. Classical swine fever
virus induces proin�ammatory cytokines and tissue factor expression and inhibits apoptosis and
interferon synthesis during the establishment of long-term infection of porcine vascular endothelial
cells. J Gen Virol. 2004;85:1029–37. doi:10.1099/vir.0.19637-0.

15. Snick V, Jacques. Interleukin-6: An Overview. Annu Rev Immunol. 1990;8:253–78.
doi:10.1146/annurev.iy.08.040190.001345.

1�. Tarradas J, Argilaguet JM, Rosell R, Nofrarías M, Crisci E, Córdoba L, et al. Interferon-gamma
induction correlates with protection by DNA vaccine expressing E2 glycoprotein against classical
swine fever virus infection in domestic pigs. Vet Microbiol. 2010;142:51–8.
doi:10.1016/j.vetmic.2009.09.043.

17. Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal interactions of the intestinal microbiota and
immune system. Nature. 2012;489:231–41. doi:10.1038/nature11551.

1�. Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et al. Induction of colonic
regulatory T cells by indigenous Clostridium species. Science. 2011;331:337–41.
doi:10.1126/science.1198469.

19. Tanaka A, Sakaguchi S. Regulatory T cells in cancer immunotherapy. Cell Res. 2017;27:109–18.
doi:10.1038/cr.2016.151.

20. Aust V, Knappstein K, Kunz HJ, Kaspar H, Wallmann J, Kaske M. Feeding untreated and pasteurized
waste milk and bulk milk to calves: effects on calf performance, health status and antibiotic
resistance of faecal bacteria. J Anim Physiol Anim Nutr (Berl). 2013;97:1091–103.
doi:10.1111/jpn.12019.

21. Maynou G, Bach A, Terré M. Feeding of waste milk to Holstein calves affects antimicrobial resistance
of Escherichia coli and Pasteurella multocida isolated from fecal and nasal swabs. J Dairy Sci.
2017;100:2682–94. doi:10.3168/jds.2016-11891.

22. Brunton LA, Reeves HE, Snow LC, Jones JR. A longitudinal �eld trial assesing the impact of feeding
waste milk containing antibiotic residues on the prevalence of ESBL-producing Escherichia coli in
calves. Prev Vet Med. 2014;117:403–12. doi:10.1016/j.prevetmed.2014.08.005.

23. Van Vleck Pereira R, Lima S, Siler JD, Foditsch C, Warnick LD, Bicalho RC. Ingestion of Milk
Containing Very Low Concentration of Antimicrobials: Longitudinal Effect on Fecal Microbiota
Composition in Preweaned Calves. PLoS One. 2016;11:e0147525.
doi:10.1371/journal.pone.0147525.

24. Mirzaei M, Khorvash M, Ghorbani GR, Kazemi-Bonchenari M, Ghaffari MH. Growth performance,
feeding behavior, and selected blood metabolites of Holstein dairy calves fed restricted amounts of



Page 13/26

milk: No interactions between sources of �nely ground grain and forage provision. J Dairy Sci.
2017;100:1086–94. doi:10.3168/jds.2016-11592.

25. Larson LL, Owen FG, Albright JL, Appleman RD, Lamb RC, Muller LD. Guidelines Toward More
Uniformity in Measuring and Reporting Calf Experimental Data1. J Dairy Sci. 1977;60:989–91.
doi:10.3168/jds.S0022-0302(77)83975-1.

2�. Sanders ER. Aseptic laboratory techniques: plating methods. J Vis Exp. 2012;63:e3064.
doi:10.3791/3064.

27. Alimirzaei M, Alijoo YA, Dehghan-Banadaky M, Eslamizad M. The effects of feeding high or low milk
levels in early life on growth performance, fecal microbial count and metabolic and in�ammatory
status of Holstein female calves. Animal. 2020;14:303–11. doi:10.1017/S1751731119001691.

2�. Henderson G, Cox F, Ganesh S, Jonker A, Young W, Global Rumen Census Collaborators. et al. Rumen
microbial community composition varies with diet and host, but a core microbiome is found across a
wide geographical range. Sci Rep. 2016;6:19175. doi:10.1038/srep19175.

29. Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, et al. Reproducible, interactive,
scalable and extensible microbiome data science using QIIME 2. Nat Biotechnol. 2019;37:852–7.
doi:10.1038/s41587-019-0209-9.

30. Xin H, Ma T, Xu Y, Chen G, Chen Y, Villot C, et al. Characterization of fecal branched-chain fatty acid
pro�les and their associations with fecal microbiota in diarrheic and healthy dairy calves. J Dairy Sci.
2021;104:2290–301. doi:10.3168/jds.2020-18825.

31. Li JH, Yousif MH, Li ZQ, Wu ZH, Li SL, Yang HJ, et al. Effects of antibiotic residues in milk on growth,
ruminal fermentation, and microbial community of preweaning dairy calves. J Dairy Sci.
2019;102:2298–307. doi:10.3168/jds.2018-15506.

32. Godden SM, Fetrow JP, Feirtag JM, Green LR, Wells SJ. Economic analysis of feeding pasteurized
nonsaleable milk versus conventional milk replacer to dairy calves. J Am Vet Med Assoc.
2005;226:1547–54. doi:10.2460/javma.2005.226.1547.

33. Heinrichs AJ, Heinrichs BS, Jones CM, Erickson PS, Kalscheur KF, Nennich TD, et al. Short
communication: Verifying Holstein heifer heart girth to body weight prediction equations. J Dairy Sci.
2017;100:8451–4. doi:10.3168/jds.2016-12496.

34. Skřivanová V, Marounek M, Šimůnek J, Benda V. Effect of virginiamycin on digestibility of nutrients,
blood and immunologic parameters, and quality of meat in veal calves. J Agric Sci. 1994;123:275–8.
doi:10.1017/S0021859600068556.

35. Elsohaby I, Cameron M, Elmoslemany A, McClure JT, Keefe G. Effect of passive transfer of immunity
on growth performance of preweaned dairy calves. Can J Vet Res. 2019;83:90–6.

3�. Song Y. Early life gut microbiome in dairy calves and its responses to colostrum feeding strategies.
[dissertation thesis]. University of Department of Agricultural, Food and Nutritional Science. 2018.

37. Hawkes JS, Bryan DL, Gibson RA. Cytokine production by human milk cells and peripheral blood
mononuclear cells from the same mothers. J Clin Immunol. 2002;22:338–44.
doi:10.1023/a:1020652215048.



Page 14/26

3�. Bach A, Aris A, Vidal M, Fàbregas F, Terré M. In�uence of milk processing temperature on growth
performance, nitrogen retention, and hindgut's in�ammatory status and bacterial populations in a
calf model. J Dairy Res. 2017;84:355–9. doi:10.1017/S0022029917000401.

39. Gifford CA, Holland BP, Mills RL, Maxwell CL, Farney JK, Terrill SJ, et al. Growth and Development
Symposium: Impacts of in�ammation on cattle growth and carcass merit. J Anim Sci. 2012;90:1438-
51. doi: 10.2527/jas.2011-4846.

40. Edrington TS, Dowd SE, Farrow RF, Hagevoort GR, Callaway TR, Anderson RC, et al. Development of
colonic micro�ora as assessed by pyrosequencing in dairy calves fed waste milk. J Dairy Sci.
2012;95:4519–25. doi:10.3168/jds.2011-5119.

41. Maynou G, Migura-Garcia L, Subirats J, Chester-Jones H, Ziegler D. Impact of milk-feeding programs
on fecal bacteria population and antimicrobial resistance genes in Escherichia coli isolated from
feces in preweaned calves. J Anim Sci. 2016;94:593. doi:10.2527/jam2016-1232.

42. Rada V, Vlková E, Nevoral J, Trojanová I. Comparison of bacterial �ora and enzymatic activity in
faeces of infants and calves. FEMS Microbiol Lett. 2006;258:25–8. doi:10.1111/j.1574-
6968.2006.00207.x.

43. Pardon B, De Bleecker K, Hostens M, Callens J, Dewulf J, Deprez P. Longitudinal study on morbidity
and mortality in white veal calves in Belgium. BMC Vet Res. 2012;8:26. doi:10.1186/1746-6148-8-26.

44. Winder CB, Kelton DF, Du�eld TF. Mortality risk factors for calves entering a multi-location white veal
farm in Ontario, Canada. J Dairy Sci. 2016;99:10174–81. doi:10.3168/jds.2016-11345.

45. Langford FM, Weary DM, Fisher L. Antibiotic resistance in gut bacteria from dairy calves: a dose
response to the level of antibiotics fed in milk. J Dairy Sci. 2003;86:3963–6. doi:10.3168/jds.S0022-
0302(03)74006-5.

4�. Sommer F, Bäckhed F. The gut microbiota–masters of host development and physiology. Nat Rev
Microbiol. 2013;11:227–38. doi:10.1038/nrmicro2974.

47. Sarangi AN, Goel A, Aggarwal R. Methods for Studying Gut Microbiota: A Primer for Physicians. J
Clin Exp Hepatol. 2019;9:62–73. doi:10.1016/j.jceh.2018.04.016.

4�. Oikonomou G, Teixeira AG, Foditsch C, Bicalho ML, Machado VS, Bicalho RC. Fecal microbial
diversity in pre-weaned dairy calves as described by pyrosequencing of metagenomic 16S rDNA.
Associations of Faecalibacterium species with health and growth. PLoS One. 2013;8:e63157.
doi:10.1371/journal.pone.0063157.

49. Foditsch C, Pereira RV, Ganda EK, Gomez MS, Marques EC, Santin T, et al. Oral Administration of
Faecalibacterium prausnitzii Decreased the Incidence of Severe Diarrhea and Related Mortality Rate
and Increased Weight Gain in Preweaned Dairy Heifers. PLoS One. 2015;10:e0145485.
doi:10.1371/journal.pone.0145485.

50. Uyeno Y, Sekiguchi Y, Kamagata Y. rRNA-based analysis to monitor succession of faecal bacterial
communities in Holstein calves. Lett Appl Microbiol. 2010;51:570–7. doi:10.1111/j.1472-
765X.2010.02937.x.



Page 15/26

51. Klein-Jöbstl D, Schornsteiner E, Mann E, Wagner M, Drillich M, Schmitz-Esser S. Pyrosequencing
reveals diverse fecal microbiota in Simmental calves during early development. Front Microbiol.
2014;5:622. doi:10.3389/fmicb.2014.00622.

52. Malmuthuge N, Li M, Chen Y, Fries P, Griebel PJ, Baurhoo B, et al. Distinct commensal bacteria
associated with ingesta and mucosal epithelium in the gastrointestinal tracts of calves and
chickens. FEMS Microbiol Ecol. 2012;79:337–47. doi:10.1111/j.1574-6941.2011.01220.x.

53. Malmuthuge N, Griebel PJ. Guan le L. Taxonomic identi�cation of commensal bacteria associated
with the mucosa and digesta throughout the gastrointestinal tracts of preweaned calves. Appl
Environ Microbiol. 2014;80:2021–8. doi:10.1128/AEM.03864-13.

54. Malmuthuge N, Chen Y, Liang G, Goonewardene LA, Guan L. Heat-treated colostrum feeding
promotes bene�cial bacteria colonization in the small intestine of neonatal calves. J Dairy Sci.
2015;98:8044–53. doi:10.3168/jds.2015-9607.

55. Villot C, Ma T, Renaud DL, Ghaffari MH, Gibson DJ, Skidmore A, et al. Saccharomyces cerevisiae
boulardii CNCM I-1079 affects health, growth, and fecal microbiota in milk-fed veal calves. J Dairy
Sci. 2019;102:7011–25. doi:10.3168/jds.2018-16149.

5�. Vandeputte D, Tito RY, Vanleeuwen R, Falony G, Raes J. Practical considerations for large-scale gut
microbiome studies. FEMS Microbiol Rev. 2017;41(Supp 1):154–67. doi:10.1093/femsre/fux027.

57. Wu W, Chou P, Yang J, Chien C. Silicon-containing water intake confers antioxidant effect,
gastrointestinal protection, and gut microbiota modulation in the rodents. PLoS One.
2021;16:e0248508. doi:10.1371/journal.pone.0248508.

5�. Berry D, Reinisch W. Intestinal microbiota: a source of novel biomarkers in in�ammatory bowel
diseases? Best Pract Res Clin Gastroenterol. 2013;27:47–58. doi:10.1016/j.bpg.2013.03.005.

59. Bücker R, Schulz E, Günzel D, Bojarski C, Lee IF, John LJ, et al. α-Haemolysin of Escherichia coli in
IBD: a potentiator of in�ammatory activity in the colon. Gut. 2014;63:1893–901. 10.1136/gutjnl-
2013-306099.. ;. doi.

�0. Jiang X, Lu N, Zhao H, Yuan H, Xia D, Lei H. The Microbiome-Metabolome Response in the Colon of
Piglets Under the Status of Weaning Stress. Front Microbiol. 2020;11:2055.
10.3389/fmicb.2020.02055.. ;. doi.

�1. Argo KB. Gut Microbiome Diversity and Community Structure Following Dietary Genistein Treatment
in a Murine Model of Cystic Fibrosis. [master’s thesis]. University of Arizona State. 2019.

Tables
Table 1 Nutrient levels of different liquid feeds
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Items Diets

MR WM

Protein (%) 3.13 ± 0.01 3.33 ± 0.01

Fat (%) 2.59 ± 0.006 4.41 ± 0.08

Total solid (%) 13.12 ± 0.02 12.76 ± 0.02

Lactose (%) 6.67 ± 0.01 4.48 ± 0.01

Energy (MJ/kg) 19.43 ± 0.13 22.37 ± 0.09

MR, milk replacer; WM, waste milk.
 

Table 2 Effects of waste milk on body measurements of dairy calves
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Items Diets 1 SEM P-value

MR MM WM Treatment Age Treatment
× Age

Body height
(cm)

8 d 82.3 80.4 81.9        

56 d 90.8 91.1 91.5 0.72 0.13 <0.001 0.54

70 d 92.7 94.0 94.8

Body length
(cm)

8 d 68.0 66.0 68.4        

56 d 79.2ab 77.8b 80.5a 1.03 0.04 <0.001 0.78

70 d 84.7ab 82.5b 87.0a

Hip width (cm) 8 d 25.7 25.5 24.7        

56 d 30.9b 30.9b 32.5a 0.52 0.007 <0.001 0.70

70 d 33.8b 33.0b 35.6a

Hip height (cm) 8 d 76.8 75.0 77.0        

56 d 83.8b 84.2b 86.0a 0.66 0.03 0.0025 0.96

70 d 85.9b 86.4b 88.4a

Heart girth (cm) 8 d 87.4 86.9 87.8        

56 d 100.8b 100.3b 103.4a 1.18 0.008 <0.001 0.62

70 d 106.8b 106.4b 111.7a

MR, 100% milk replacer; MM, 50% milk replacer mixed with 50% waste milk; WM, 100% waste milk.
 

Table 3  Effects of waste milk on growth performance of dairy calves
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Items Diet SEM P-value

MR MM WM Treatment Age Treatment × Age

ADG (kg/d) 8-56 d 0.57 0.57 0.63 0.09 0.54 <0.001 0.89

57-70 d 1.08 1.00 1.15

8-70 d 0.68 0.66 0.77 0.07 0.33    

DMI (kg/d) 8-56 d 1.02 0.95 1.01 0.17 0.45 <0.001 0.69

57-70 d 2.08 1.74 2.03

8-70 d 1.26 1.13 1.25 0.11 0.50    

FE 8-56 d 0.54 0.60 0.66 0.03 0.06 0.05 0.92

57-70 d 0.49 0.51 0.58

8-70 d 0.5b 0.59ab 0.63a 0.03 0.04    

MR, 100% milk replacer; MM, 50% milk replacer mixed with 50% waste milk; WM, 100% waste milk.

1FE, feed e�ciency; FE = kilogram of BW gain per kilogram of total DMI (DMI: milk solid and starter).
 

Table 4 Effects of waste milk on plasma immune indices of dairy calves
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Items Diets 1 SEM P-value

MR MM WM Treatment Age Treatment ×
Age

IgA (μg/ml) 8 d 265.3 285.6 313.0        

49
d

240.1c 301.1b 384.9a 8.30 <0.001 0.44 0.41

70
d

205.6c 313.5b 372.7a

IgM (μg/ml) 8 d 203.8 247.7 277.4        

49
d

222.6b 279.2a 287.8a 5.65 <0.001 0.15 0.54

70
d

222.0b 297.0a 312.5a

IgG (μg/ml) 8 d 806.7 980.3 995.0        

49
d

872.4c 1064.7b 1195.5a 22.96 <0.001 0.37 0.05

70
d

772.0c 1141.1b 1314.6a

IL-2 (pg/ml) 8 d 153.1 151.6 130.5        

49
d

147.3b 161.3a 150.8a 3.11 0.006 0.78 <0.001

70
d

190.7a 141.6b 132.3b

IL-6 (pg/ml) 8 d 23.1 18.8 15.7        

49
d

18.8 18.8 15.8 0.45 0.06 0.33 0.64

70
d

20.4 18.6 16.7

IL-10 (pg/ml) 8 d 8.3 10.6 11.6        

49
d

8.5b 11.4a 11.8a 0.24 <0.001 0.10 0.75

70
d

8.8b 12.1a 12.9a

TNF-α
(pg/ml)

8 d 29.5 25.8 22.0        

49
d

28.6a 24.2b 19.8c 0.49 <0.001 0.72 0.77
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70
d

28.3a 24.3b 20.9c

MR, 100% milk replacer; MM, 50% milk replacer mixed with 50% waste milk; WM, 100% waste milk.

 

Table 5  Effects of waste milk on fecal score and health-related indices of dairy calves 
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Items Diets 1 SEM P-value  

MR MM WM Treatment Age Treatment
× Age

 

Fecal score 8-
56
d

1.6b 1.7a 1.9a 0.11 0.01 0.07 0.17

57-
70
d

1.2b 1.8a 1.7a

Abnormal fecal
days (d)

8-
56
d

8.0b 10.6a 13.0a 1.04 0.03 <0.001 0.64

57-
70
d

0.1b 2.6a 2.7a

Diarrhea case
(times)

8-
56
d

1.5 2.0 2.3 0.32 0.13 <0.001 0.90

57-
70
d

0 0.6 0.6

Average days of
diarrhea (d)

8-
56
d

1.9 2.8 3.4 0.45 0.08 <0.001 0.61

57-
70
d

0 1.6 0.9

Longest days of
diarrhea (d)

8-
56
d

2.1 4.0 4.9 0.66 0.07 <0.001 0.59

57-
70
d

0 1.6 1.0

Average days to
recover from
diarrhea (d) 

8-
56
d

0.7 1.1 1.7 0.32 0.22 0.01 0.33

57-
70
d

0 0.8 0.2

Treated with
antibiotic
times (times)

8-
56
d

1.5 2.4 2.5 0.31 0.26 <0.001 0.45

57- 0 0.3 0
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70
d

Treated with oral
electrolyte
times (times)

8-
56
d

0b 0.9a 0b 0.09 0.001 0.008 0.001

57-
70
d

0 0 0

Fecal pH 8-
56
d

6.8 6.8 6.9 0.23 0.32 <0.001 0.08

57-
70
d

7.5 7.1 7.2

MR, 100% milk replacer; MM, 50% milk replacer mixed with 50% waste milk; WM, 100% waste milk.

1 Abnormal fecal days means fecal score ≥ 3.

2 Diarrhea means abnormal fecal days of calves last at least two days.

 

Table 6 Effects of waste milk on fecal microbial alpha diversity indices for the bacterial communities

Items Diets 1 SEM P-value

MR MM WM

Chao1 49 d 561.0 516.0 517.0 9.84 0.15

70 d 482.0 480.0 477.0 12.32 0.94

Shannon 49 d 7.41a 6.76b 6.96b 0.09 0.01

70 d 6.56 6.36 6.63 0.14 0.58

Simpson 49 d 0.99a 0.96b 0.98b 0.01 0.002

70 d 0.96 0.95 0.96 0.01 0.54

MR, 100% milk replacer; MM, 50% milk replacer mixed with 50% waste milk; WM, 100% waste milk.

Figures
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Figure 1

Effect of waste milk on starter intake of dairy calves

Figure 2

Effects of waste milk on body weight of dairy calves
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Figure 3

Effects of waste milk on fecal population of E. coli and Lactobacillus of dairy calves at 49 d and 70 d of
age
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Figure 4

Principal Co-ordinates Analysis of beta-diversity of the fecal bacterial community of calves 1 (A-1): Bray-
Curtis distance matrix values at 49 d of age; (A-2): Bray-Curtis distance matrix values at 70 d of age of
calves 2 Treatment groups are as follows: MR, purple circles; MM, green circles; WM, orange circles.

Figure 5

Relative abundance of fecal bacteria composition at 49 d and 70 d of age 1 Only bacterial phylum of top
5, family of top 10, genus of top 20 are included.
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Figure 6

Differential abundance of Prevotellaceae NK3B31 group and Bacteroides between 49 d and 70 d of age.


