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Abstract
This study aimed to investigate the effects of feeding pasteurized �-lactam-
positive milk on growth performance and serum immune indices in calves. Eigh-
teen healthy 3-day-old Holstein bull calves with similar body weight were se-
lected and randomly divided into 2 groups (9 calves per group). Calves in the
control group were fed �-lactam-positive milk, while those in the experimental
group were fed pasteurized �-lactam-positive milk. Pasteurization conditions
were heating at 63–65 °C for 30 min. Calves were weaned at 61 days of age,
and the experimental period lasted for 180 days. The results showed that: 1)
Compared with �-lactam-positive milk, the counts of total bacteria, Escherichia
coli, and Salmonella in pasteurized �-lactam-positive milk were extremely signif-
icantly reduced (P < 0.01); 2) Compared with the control group, the average
daily gain of calves in the experimental group during the period of 3–60 days
of age was significantly increased (P < 0.05); 3) Compared with the control
group, the serum immunoglobulin A (IgA) content at 30 days of age, and serum
immunoglobulin M (IgM) content at 15 and 30 days of age of calves in the experi-
mental group were significantly increased (P < 0.05), the serum immunoglobulin
G (IgG) content at 30 days of age was significantly decreased (P < 0.05), the
serum interleukin-1� (IL-1�) content at 15 days of age was significantly increased
(P < 0.05), and the serum interleukin-6 (IL-6) content at 7 days of age was sig-
nificantly decreased (P < 0.05). These results suggest that feeding pasteurized
�-lactam-positive milk improved the growth and development of calves during
the nursing period and affected the immune system of calves to a certain extent,
but it could not be determined whether there was an enhancing or suppressive
effect.
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Abstract

This study was conducted to investigate the effects of feeding pasteurized �-
lactam antibiotic milk on growth, development and serum immune parameters
of calves. Eighteen healthy 3-day-old Holstein male calves with similar body
weight [(42.82±0.35) kg] were randomly divided into two groups of nine calves
each. Calves in the control group were fed �-lactam antibiotic milk, while those
in the experimental group were fed pasteurized �-lactam antibiotic milk. Pas-
teurization was performed at 63–65 ℃ for 30 min. Calves were weaned at 61 days
of age, and the experimental period lasted 180 days. The results showed that:
1) compared with �-lactam antibiotic milk, pasteurized �-lactam antibiotic milk
exhibited extremely significant reductions in total bacterial count, Escherichia
coli count, and Salmonella count (P<0.01); 2) compared with the control group,
the experimental group showed significantly higher average daily gain during
the 3–60 day period (P<0.05); 3) compared with the control group, serum im-
munoglobulin A (IgA) content at 30 days of age and serum immunoglobulin M
(IgM) content at 15 and 30 days of age were significantly increased (P<0.05),
serum immunoglobulin G (IgG) content at 30 days of age was significantly de-
creased (P<0.05), serum interleukin-1� (IL-1�) content at 15 days of age was
significantly increased (P<0.05), and serum interleukin-6 (IL-6) content at 7
days of age was significantly decreased (P<0.05). These results indicate that
feeding pasteurized �-lactam antibiotic milk improved the growth and devel-
opment of suckling calves and affected their immune system to some extent,
though it cannot be determined whether these effects represent enhancement or
suppression.

Keywords: Holstein male calves; antibiotic milk; pasteurization; growth and
development; serum immune parameters

Dairy cows undergoing clinical treatment are typically administered �-lactam
antibiotics such as penicillin via injection, which results in antibiotic residues
in the milk produced during and after treatment. Milk containing antibiotic
residues and high somatic cell counts is collectively referred to as “antibiotic
milk,”also known as waste milk abroad. In Germany, annual production of
antibiotic milk accounts for 1%–4% of total milk output, sufficient to feed all
calves on dairy farms. As a zero-cost feed resource, producers often feed antibi-
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otic milk to calves to reduce rearing expenses. According to a 2006 survey of
over 300 dairy farms in Heilongjiang Province conducted by our research group,
approximately 95% of farms fed antibiotic milk to calves, with 66% performing
no treatment whatsoever. However, milk quality plays a crucial role in calf
growth and health, necessitating research into the effects of antibiotic milk on
calf development.

Pasteurization is defined by most national standards as “a broad category of
heat treatment processes that inactivate alkaline phosphatase naturally present
in raw milk while preserving peroxidase activity,”aiming to eliminate pathogenic
bacteria while maximizing nutrient preservation and maintaining authentic fla-
vor. Globally, liquid milk is predominantly consumed as pasteurized milk, which
commands high market shares in developed dairy nations: 99.9% in Canada,
99.7% in the United States, and over 95% in the United Kingdom, Australia,
and New Zealand, though only 30% in China. Liu et al. reported that feeding
pasteurized colostrum significantly reduced the ratio of forestomach weight to
live weight and improved average daily gain while promoting gastrointestinal de-
velopment and reducing diarrhea rates in calves. Han et al. found that feeding
antibiotic milk significantly decreased average daily gain during early lactation
while elevating serum immune parameters before and after weaning. Research
findings on antibiotic milk effects on calf performance vary internationally, with
few reports from China and even fewer studies examining pasteurized �-lactam
antibiotic milk impacts on calf growth and serum immune parameters. There-
fore, this study investigated the effects of feeding pasteurized �-lactam antibiotic
milk on calf growth, development and serum immune parameters to provide a
theoretical basis for scientific and effective utilization of antibiotic milk on Chi-
nese dairy farms.

1.1 Experimental Animals and Design

Eighteen healthy 3-day-old Holstein male calves with similar body weight
[(42.82±0.35) kg] were randomly allocated to control and experimental groups
(n=9 per group). The control group received �-lactam antibiotic milk, while the
experimental group received pasteurized �-lactam antibiotic milk. Both types
of milk were fed at 37–39 ℃. The experimental period was 180 days.

1.2 Experimental Diet

All milk fed to calves was obtained from lactating cows during and after �-
lactam antibiotic treatment, containing antibiotic residues. Pasteurization was
conducted at 63–65 ℃ for 30 min. The calf diet consisted of pelleted feed and
high-quality Chinese wildrye, with formulations optimized using CPM software.
Diet composition and nutrient levels are presented in Table 1 .
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1.3 Feeding Management

Calves were fed 4 kg of colostrum within 0.5 h after birth. Feeding amounts for
�-lactam antibiotic milk and pasteurized �-lactam antibiotic milk were as follows:
5 kg/d divided into three feedings at 3–7 days of age; 5.5 kg/d divided into three
feedings at 8–20 days; 4 kg/d divided into two feedings at 21–40 days; 3 kg/d
divided into two feedings at 41–50 days; and 1 kg/d as a single feeding at 51–60
days. Calf starter was introduced at 8 days of age at 0.3 kg/d per calf, increased
to 1.0 kg/d after weaning at 61 days. Adequate water was provided, and calf
pens were cleaned and disinfected daily to maintain sanitary conditions.

1.4 Milk Sample Collection and Analysis

Milk samples were collected once every 10 days, with three collections per day
(morning, noon, and evening) pooled at a 4:3:3 ratio. For composition analysis,
50 mL of the pooled sample was preserved with 5% potassium dichromate at 4
℃. For microbiological analysis, another 50 mL was collected in sterile bottles
and stored at 4 ℃ for analysis within 2 h.

1.4.1 Milk Composition Milk composition was analyzed using a Foss
Milkoscan 133B analyzer (Foss Electric, Denmark).

1.4.2 Somatic Cell Count Somatic cell count was determined using a Foss
(r) Bentley Somacount CC-5000 analyzer (Foss Electric, Denmark).

1.4.3 Antibiotic Content Antibiotic content was measured by liquid
chromatography-tandem mass spectrometry (LC-MS/MS, Agilent Technolo-
gies, USA).

1.4.4 Bacterial Counts Milk samples were serially diluted 1:10 to 10��. One
milliliter from each dilution was plated on sterile culture media. Total bacteria
were cultured on plate count agar (PCA) at 37 ℃ for 48 h, E. coli on violet red
bile agar (VRBA) at 37 ℃ for 24 h, and Salmonella on SS agar at 37 ℃ for 24
h before enumeration.

1.5 Growth and Development Measurements

Body weight and measurements were recorded before morning feeding at 30, 60,
and 180 days of age, and average daily gain was calculated for each period.

1.6 Serum Immune Parameter Measurements

Blood samples were collected via jugular venipuncture before morning feeding
at 7, 15, 30, 60, 90, and 180 days of age. Serum was separated by centrifugation
(4,000 r/min, 10 min), aliquoted, and stored at -20 ℃. Serum immunoglobulin
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A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), interleukin-1� (IL-
1�), interleukin-2 (IL-2), interleukin-6 (IL-6), and tumor necrosis factor-� (TNF-�)
were measured by enzyme-linked immunosorbent assay (ELISA) using kits from
R&D Systems (USA).

1.7 Statistical Analysis

Data were analyzed using the GLM procedure of SAS 9.2 software. Results are
expressed as “mean ± standard error.”Differences were considered significant
at P<0.05 and extremely significant at P<0.01.

2 Results
2.1 Composition of �-Lactam Antibiotic Milk and Pasteurized
�-Lactam Antibiotic Milk

As shown in Table 2 , pasteurized �-lactam antibiotic milk exhibited extremely
significant reductions in total bacterial count, E. coli count, and Salmonella
count compared with untreated �-lactam antibiotic milk (P<0.01). However,
no significant differences were observed in lactose percentage, milk protein per-
centage, milk fat percentage, total solids percentage, urea nitrogen content, or
somatic cell count (P>0.05).

2.2 Effects of Pasteurized �-Lactam Antibiotic Milk on Calf Growth
and Development

Table 3 shows that average daily gain during 3–60 days of age was significantly
higher in the experimental group than in the control group (P<0.05). No signif-
icant differences were found in body weight at 30, 60, or 180 days of age, nor in
average daily gain during 60–180 days or 3–180 days (P>0.05), though values
were numerically higher in the experimental group.

Table 4 demonstrates that compared with the control group, the experimental
group exhibited significantly greater body height at 60 days of age and heart
girth at 90 and 180 days of age (P<0.05). No significant differences were ob-
served between groups in body oblique length, body straight length, cannon
circumference, leg circumference, or chest depth at any time point (P>0.05).

2.3 Effects of Pasteurized �-Lactam Antibiotic Milk on Serum Immune
Parameters

Table 5 reveals that compared with the control group, the experimental group
showed significantly increased serum IgA content at 30 days of age and serum
IgM content at 15 and 30 days of age (P<0.05), while serum IgG content at
30 days of age was significantly decreased (P<0.05). Serum IL-1� content at 15
days of age was significantly higher (P<0.05), whereas serum IL-6 content at
7 days of age was significantly lower (P<0.05). No significant differences were
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detected between groups in serum IgA, IgM, IgG, IL-1�, or IL-6 content at other
time points, nor in serum IL-2 or TNF-� content at any time point (P>0.05).

3 Discussion
3.1 Comparison of Milk Composition

�-Lactam drugs are the first choice for treating clinical and subclinical mastitis
and endometritis in dairy cows due to their broad spectrum, low cost, conve-
nience, and low toxicity. In this study, no significant difference in antibiotic
content was observed between the two milk types, indicating that pasteuriza-
tion did not affect antibiotic residues, consistent with Jorgensen et al. The milk
fat and protein percentages in pasteurized �-lactam antibiotic milk met interna-
tional standards. Although some milk components such as protein are partially
lost during pasteurization, no significant differences were observed between the
two milk types in this study, aligning with Zang et al. Lactose is relatively sta-
ble during pasteurization with minimal content variation, which matches our
results. Zhu et al. reported that milk fat and lactose are negatively correlated
with somatic cell count, though this relationship was not observed in our study.
Somatic cell count is an important indicator of cow health. When the udder is
infected by bacteria or mechanically damaged by milking machines, leukocytes
are secreted in large quantities to combat infection and repair tissue, resulting
in elevated somatic cell counts in milk and potential changes in milk composi-
tion. In this study, somatic cell counts exceeded 1×10� cells/mL in both milk
types, consistent with the pathological status of lactating cows and indicating
that pasteurization does not affect somatic cell count.

Most clinical and subclinical mastitis cases are caused by bacterial infection.
Bacteria can adhere to mammary epithelial cells, triggering local immune re-
sponses characterized by redness, inflammation, and decreased milk production.
Total bacterial count is an indicator of overall microbial contamination and
milk quality, with higher counts reflecting poorer cow health and milk qual-
ity. Pasteurization extremely significantly reduced total bacteria, E. coli, and
Salmonella in �-lactam antibiotic milk, consistent with Li et al. and Jorgensen
et al., clearly demonstrating that pasteurization effectively kills pathogenic bac-
teria, reducing disease transmission risk to calves and improving milk safety.

3.2 Effects of Pasteurized �-Lactam Antibiotic Milk on Calf Growth
and Development

Body weight is a key indicator of calf growth status. Aust et al. reported that
feeding waste milk did not affect calf growth, while other studies have shown
higher body weights before and after weaning in calves fed pasteurized versus
unpasteurized antibiotic milk. In our study, the experimental group exhibited
significantly higher average daily gain during 3–60 days of age, similar to Song
et al., suggesting that pasteurized �-lactam antibiotic milk promotes calf growth.
This may be attributed to the substantial reduction in total bacteria and harmful
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pathogens, decreasing potential disease incidence and maintaining calves in a
healthy growth state. The lack of significant differences in body weight at
individual time points and average daily gain during 60–180 days and 3–180
days suggests that pasteurized �-lactam antibiotic milk primarily affects weight
gain during the suckling period, with potential for improved overall growth.

Body measurements are important indicators of calf development, reflecting
skeletal growth and management level. Hill et al. reported body measurements
for Holstein calves: body height 86.4–93.1 cm and body oblique length 82.3–91.0
cm. Our calves’measurements at 60 days fell within these ranges, indicating
normal development. The experimental group’s significantly greater body height
at 60 days and heart girth at 90 and 180 days may be related to their numerically
higher body weights and average daily gains. Overall, pasteurized �-lactam
antibiotic milk promoted calf growth and development.

3.3 Effects of Pasteurized �-Lactam Antibiotic Milk on Serum Immune
Parameters

Immune function is essential for protecting organisms from bacterial, viral, and
microbial invasion. Humoral immunity is mediated by immunoglobulins, with
adequate levels required to resist disease and ensure calf health. IgA plays an
important role in local mucosal immunity, IgM exhibits bacteriolytic activity
and is the earliest immunoglobulin appearing in the digestive tract of newborn
animals, and IgG is the most abundant component in humoral immunity with
high concentration and long half-life. Daniels et al. reported serum IgG concen-
trations of 1,385–2,182 mg/dL in newborn Holstein calves, higher than observed
in our study. The significantly lower serum IgG content at 30 days in the ex-
perimental group may be due to the higher bacterial load in untreated �-lactam
antibiotic milk, which stimulated greater IgG production. The significantly in-
creased serum IgA at 30 days and IgM at 15 and 30 days in the experimental
group may be related to improper storage or feeding practices that allowed mi-
crobial recontamination of pasteurized milk. Zou et al. reported that feeding
untreated antibiotic milk resulted in high serum IgA and IgM levels, contrary
to our findings, indicating that immunoglobulin concentrations are influenced
by multiple factors with considerable variation.

Cytokines participate in cellular immune regulation, primarily promoting cell
differentiation, proliferation, and antibody production. Kidd reported that IL-
1�, IL-2, IL-6, and TNF-� are commonly used to evaluate immune function status.
Jin et al. demonstrated that IL-6 significantly enhances cellular and humoral
immune function in mice, effectively acting as an immune adjuvant. The sig-
nificantly reduced serum IL-6 content at 7 days in our experimental group may
have contributed to the decreased serum IgG at 30 days. The significantly ele-
vated serum IL-1� at 15 days suggests activation of the mononuclear phagocyte
system, possibly related to recontamination of pasteurized milk and indicating
improved immune function. IL-2 enhances interferon and TNF production while
increasing natural killer and cytotoxic T cells, though this was not observed in
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our study. Overall, changes in serum immune parameters were scattered across
time points without clear patterns, and given that the immune system is com-
plex and susceptible to multiple factors, this study cannot conclude whether
pasteurized �-lactam antibiotic milk enhances or suppresses calf immunity.

4 Conclusions
1. From the perspective of growth and development, feeding pasteurized �-

lactam antibiotic milk significantly improved average daily gain during the
suckling period.

2. Regarding serum immune parameters, feeding pasteurized �-lactam antibi-
otic milk induced immune responses before weaning, but no definitive
conclusions can be drawn regarding immune enhancement or suppression,
warranting further investigation.

References
[1] ZHANG Z P. Progress in research on �-lactam antibiotics (�)[J]. Chinese
Journal of Antibiotics, 2000, 25(2): 81–86.

[2] SCHAEREN W. Fakten zur Verfütterung von antibiotikahaltiger Milch an
Kalber[J]. ALP Forum, 2006, 35: 1–2.

[3] Statistisches Bundesamt, Fachserie Reihe 4.2.2. Milcherzeugung und
-verwendung[R]. Wiesbaden, Germany, 2008.

[4] GU J S, ZHANG S Y, HAN R W. Pasteurization technology as the core
technology to lead China’s dairy industry out of difficulties[J]. China Dairy
Cattle, 2016(8): 60–65.

[5] State Bureau of Quality and Technical Supervision. GB 5408.1-1999 Pas-
teurized milk[S]. Beijing: Standards Press of China, 1999-12-17.

[6] YAO X K, CHE C. Nutritional value and development prospects of pasteur-
ized milk[J]. Xinjiang Animal Husbandry, 2010(6): 10–13.

[7] LIU G T, BU D P, ZHAO L S, et al. Effects of pasteurized colostrum on
growth performance and gastrointestinal development of calves[J]. China Ani-
mal Husbandry & Veterinary Medicine, 2017, 44(6): 1714–1719.

[8] HAN Y S, QU Y L, WU J H, et al. Effects of �-lactam antibiotic milk on
growth, development and serum immune parameters of calves[J]. China Animal
Husbandry & Veterinary Medicine, 2017, 44(7): 2009–2015.

[9] JORGENSEN M, HOFFMAN P, NYTES A. Efficacy of on-farm pasteur-
ized waste milk systems on upper Midwest dairy and custom calf rearing oper-
ations[J]. Professional Animal Scientist, 2005, 21: 22.

chinarxiv.org/items/chinaxiv-201812.00565 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00565


[10] ZANG C J, WANG J Q, YANG Y X, et al. Comparative proteomic study of
milk protein changes in heat-treated bovine milk[J]. Acta Veterinaria et Zootech-
nica Sinica, 2012, 43(11): 1754–1759.

[11] WELPER R D, FREEMAN A E. Genetic parameters for yield traits of
holsteins, including lactose and somatic cell score[J]. Journal of Dairy Science,
1992, 75(5): 1342–1348.

[12] ZHU Z P, SHAN A S, XUE Y L, et al. Effects of somatic cell count on milk
quality[J]. Chinese Journal of Animal Science, 2006, 42(13): 47–50.

[13] SHARMA N, SINGH N K, BHADWAL M S. Relationship of somatic cell
count and mastitis: an overview[J]. Asian-Australasian Journal of Animal Sci-
ences, 2011, 24(3): 429–438.

[14] CECILIANI F, CERON J J, ECKERSALL P D, et al. Acute phase proteins
in ruminants[J]. Journal of Proteomics, 2012, 75(14): 4207–4231.

[15] LI L Z, ZHANG F X, GE P, et al. Effects of pasteurization on hygienic
quality of raw goat milk[J]. Science and Technology of Food Industry, 2014,
35(1): 223–226.

[16] JORGENSEN M A, HOFFMAN P C, NYTES A J. A field survey of on-
farm milk pasteurization efficacy[J]. Professional Animal Scientist, 2006, 22(6):
472–476.

[17] AUST V, KNAPPSTEIN K, KUNZ H J, et al. Feeding untreated and
pasteurized waste milk and bulk milk to calves: effects on calf performance,
health status and antibiotic resistance of faecal bacteria[J]. Journal of Animal
Physiology & Animal Nutrition, 2013, 97(6): 1091–1103.

[18] SONG J, HAN Y L, ZHOU B, et al. Observation on feeding pasteurized
milk to suckling calves in large-scale dairy farms[J]. Xinjiang Animal Husbandry,
2013(10): 39–40.

[19] V D STROET D L, DÍAZ J A C, STALDER K J, et al. Association of calf
growth traits with production characteristics in dairy cattle[J]. Journal of Dairy
Science, 2016, 99(10): 8347–8355.

[20] MO F. Cattle Production Science[M]. 2nd ed. Beijing: China Agricultural
University Press, 2010.

[21] HILL S R, KNOWLTON K F, DANIELS K M, et al. Effects of milk replacer
composition on growth, body composition, and nutrient excretion in preweaned
holstein heifers[J]. Journal of Dairy Science, 2008, 91(8): 3145–3155.

[22] MCEWEN S A, FEDORKA-CRAY P J. Antimicrobial use and resistance
in animals[J]. Clinical Infectious Diseases, 2002, 34(S3): S93–S106.

[23] HORTON R E, VIDARSSON G. Antibodies and their receptors: different
potential roles in mucosal defense[J]. Frontiers in Immunology, 2013, 4: 200.

chinarxiv.org/items/chinaxiv-201812.00565 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00565


[24] DANIELS K M, HILL S R, KNOWLTON K F, et al. Effects of milk replacer
composition on selected blood metabolites and hormones in preweaned Holstein
heifers[J]. Journal of Dairy Science, 2008, 91(7): 2628–2640.

[25] CHEN Q H, WANG X. Effects of refrigeration temperature and time on
quality of pasteurized milk[J]. Food Science and Technology, 2009(1): 84–87.

[26] ZOU Y, WANG Y J, DENG Y F, et al. Effects of feeding untreated, pas-
teurized and acidified waste milk and bunk tank milk on the performance, serum
metabolic profiles, immunity, and intestinal development in Holstein calves[J].
Journal of Animal Science and Biotechnology, 2017, 8(1): 53.

[27] KIDD P. Th1/Th2 balance: the hypothesis, its limitations, and implications
for health and disease[J]. Alternative Medicine Review, 2003, 8(3): 223–246.

[28] JIN N Y, WANG H W, FANG H H, et al. Construction and experimental
immunization of HIV-1 gag-gp120 co-expressing nucleic acid vaccine plasmid
with IL-2/IL-6 of Chinese epidemic strain[J]. Chinese Journal of Preventive
Veterinary Medicine, 2001, 23(1): 1–51.

[29] LIU Y F, TANG S Z, ZHANG W J, et al. Effects of seabuckthorn leaves on
rumen fermentation characteristics and serum immune parameters in sheep[J].
Chinese Journal of Animal Nutrition, 2014, 26(9): 2599–2606.

[30] LOWENTHAL JW, O’NEIL T E, BROADWAYM, et al. Coadministration
of IFN-� enhances antibody responses in chickens[J]. Journal of Interferon &
Cytokine Research, 1998, 18(8): 617–622.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00565 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00565

	Effects of Pasteurized β-Lactam-Positive Milk on Growth, Development and Serum Immune Indices of Calves (Postprint)
	Abstract
	Full Text
	Effects of Pasteurized β-Lactam Antibiotic Milk on Growth, Development and Serum Immune Parameters of Calves
	Abstract
	1.1 Experimental Animals and Design
	1.2 Experimental Diet
	1.3 Feeding Management
	1.4 Milk Sample Collection and Analysis
	1.5 Growth and Development Measurements
	1.6 Serum Immune Parameter Measurements
	1.7 Statistical Analysis

	2 Results
	2.1 Composition of β-Lactam Antibiotic Milk and Pasteurized β-Lactam Antibiotic Milk
	2.2 Effects of Pasteurized β-Lactam Antibiotic Milk on Calf Growth and Development
	2.3 Effects of Pasteurized β-Lactam Antibiotic Milk on Serum Immune Parameters

	3 Discussion
	3.1 Comparison of Milk Composition
	3.2 Effects of Pasteurized β-Lactam Antibiotic Milk on Calf Growth and Development
	3.3 Effects of Pasteurized β-Lactam Antibiotic Milk on Serum Immune Parameters

	4 Conclusions
	References


