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RISK-BASED EVALUATION OF COLOSTRUM QUALITY AND EARLY FEEDING
FOR CALF HEALTH AND SURVIVAL

Abstract. Early-life nutrition is a critical determinant of health and survival in dairy
calves. However, practical quantitative thresholds linking colostrum quality and early feeding
practices with neonatal health outcomes under commercial farm conditions remain
insufficiently defined. Within the framework of early-life nutritional management, this study
evaluated the combined effects of colostrum quality and early colostrum feeding practices on
digestive health and survival of dairy calves under commercial farm conditions. Field data were
collected from 250 Holstein calves reared on commercial breeding farms in western
Kazakhstan. Colostrum quality was assessed using Brix refractometry and classified into
quality categories, while early feeding practices were categorized according to the timing and
adequacy of colostrum administration.

Calves receiving timely and adequate volumes of high-quality colostrum exhibited a
significantly lower incidence of digestive disorders (5.9-23.0%) and higher survival rates (88.2-
100%) compared with calves exposed to delayed or inadequate early-life management. The
combined classification of colostrum quality and feeding management enabled the
identification of distinct neonatal risk groups associated with substantially different health
outcomes. These findings support the use of a simple, field-applicable risk stratification
approach as a preventive management tool for improving neonatal calf health and survival in
commercial dairy systems.

Key words. dairy calves, early-life nutrition, colostrum quality, Brix scale, digestive
health.
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Annomayus. Pannee nuTaHue SBIACTCS OJHUM M3 KJIIOYEBBIX  (akTopos,
OTPENIETAIONINX 3I0POBbE MOJOUYHBIX TeNAT. OQHAKO MOPOTOBBIE 3HAYECHHS, CBA3BIBAOIINE
KaueCTBO MOJO3MBA C T[OKA3aTeISIMH  3/I0POBbS HOBOPOXKIEHHBIX TEIAT B YCIOBHAX
KOMMEPUYECKHX XO3SIHCTB, OCTAIOTCA HEJOCTAaTOYHO ONpenenéHHBIMU. B paMkax KOHLENUHH
yIpaBlIeHHs MHTaHUEM B PaHHHH [OCTHATaIbHBIA MEPHOA B JaHHOM HCCIIEJOBaHHMM OblIa
IIPOBEZECHA OLIEHKA BIMAHUS PAKTHKU PAHHETO BBITaHBAaHUS HAa COCTOSHHUE [TUIIEBaPUTEIbHOM
CHCTEMBI MOJIOYHBIX TeJAT. [ToneBbie nanHbie ObLIN MoMyueHbl Ha 250 TensiTax roJaiTHHCKOH
NOpO/bI, BBIPAIIMBAEMBIX B IUIEMEHHBIX X03ficTBax 3amagHoro pervoHa Kazaxcrana.
KayecTBO MOJIO3MBa OLICHHBAJIM C HCIIOJIb30BaHUEM pedpakroMeTpuu 1o mikaie Brix c
nocienyromeid knaccuukalnueil [0 KaTeropusM, TOrna Kak TEXHHKY BbITaWBaHUSA
KJIacCH(HUIIMPOBAIN 10 BPEMEHH M JOCTATOYHOCTH BBEICHHUS.

Tendra, MoayyaBUIME BBICOKOKAYECTBEHHOE MOJIO3MBO B J0CTATOYHOM 00BEME M B
ONTHUMAaJbHBIE CPOKH, XapaKTepHU30BaINCh 3HAYUTENBHO OoNlee HU3KOH 4acTOTON HapylleHHH
numesapenus (5,9-23,0%) u Oosee BBICOKMMH [OKa3aTelsiMU >KM3HecrocoOHocTH (88,2-
100%) 1o cpaBHEHHIO CO CBEPCTHUKAMH, IMOABEPraBIIMMHUCS 3aJ1ePKKE HIIM HEAOCTATOYHOMY
YPOBHIO paHHero kopmiaeHus. CoBMecTHas KiacCH(pHUKAIMA KayecTBa MOJO3MBA M NPAKTHK
BBIMAMBAHMA MO3BOJIMJIA BBIACIHTh PA3JIMUHbIE TPYNNbl HEOHATAJIBHOIO PUCKA, CBA3AaHHBIE C
CYLIECTBEHHO pa3jHyalolIMMHCS [OKazaTeslsMH 310poBbs. [lomydeHHBIE pPE3yNILTaThI
MOATBEPHKAAI0T BO3MOKHOCTh MPUMEHEHHUS MPUTOJHON A MPAKTHYECKOIO HCIIOIB30BaHHS
CHCTEMBI CTpaTH(UKAIMH PHCKA B KaueCTBe MPOMUIAKTHYECKOTO HHCTPYMEHTA YITPaBICHHS
JUTSL YITYUIIEHHA 3/10POBbSl M COXPAHHOCTH TEJST B MOJIOYHBIX X038HCTBAX.

Knrouesvte cinoea. tengra MoONOYHBIX Inopoa, paldoHalbHOC IIMTaHUC B paHHEM
BO3pAacTe, Ka4eCTBO MOJIO3HBA, LiKajia BpHKe, 310poBbe NHIIEBAPUTEILHON CHCTEMBI.
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CYTTI BY3AVJIAPIbI OCIPY ) KYHECIHJEI'l YbI3 CAITAChl MEH EPTE
A3BIKTAH/ABIPY/IbIH TOYEKEJII'E HEI'I3JAEJI'EH BAFAJIAYbI

Anodamna. CytTi GarpITTarbl ipi Kapa Man TYKbIMJIApbIHa *kataThiH Oy3aynapbl epre
Ke3eHHeH OacTar asbIKTaH/AbIpy ACHCAY/IbIK JKaFJaiblH allKbIHAAHTBIH Heri3ri Gpakropiapabiy
Oipi. Anaiina mapya KOXKalbIFbl jKarJailbIHIa YBI3 calachlH jKaHa TybUIFaH Oy3ayiapblH
JICHCAyNBIFBIMEH  OaNIaHBICTBIPATBIH  LISKTI  MOHJAEP oM J¢  JKSTKUIIKTI  JICHreHe
aHbIKTAJIMaraH. byn 3epTreyne epre TOCTHATalJbl Ke3eHJErT KOpeKTeHyai Oackapy
TYKBIPbIMJIAMAChl LIEHOEPIHJE YbI3 1LIKIZY TOKIpHMOECIHIH CyTTi Oy3aynapiblH ac KOphITY
KYHeCiHIH KaraaibiHa ocepi Oaranmanabl. Toxkipube mepekrepi bareic Kazakcran eHipiHzeri
ACBLUITYKBIM/IBI [IapYyallbUIBIKTApPAA OCIPIICTIH TONIITHH TYKBIMBIHBIH 250 Oy3aybiHan
KUHAIBL. YBI3 canackl pedpakroMeTpHs J1ici apKbUibl Brix mikanaceiMeH OaranaHbln, cana
CaHaTTapbIHA, aJl OHBI 11IKI3Y TEXHHUKACKI 0Py YaKbIThl MEH JKETKUTIKTUTINHE Kapai KiKTe /1.
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JKorapsl canaibl ybI3/ibl THICIHILE KOJIEM/IE JKOHE YaKThUIbI allFaH Oy3ayiapia ac KOpbITY
OY3bIUTBICTAPBIHBIH KU aifTapasikTaid TeMeH (5,9-23,0%) xoHe eMipIIeHIIK KopceTKiITepi
xorapel  (88,2-100%) Oonabl, Oy CyTTi Kelml HeMece IKETKUIIKCI3 KaOblijaraH
KaTapaacTapbIMEH CajbICThIpFaHIa aWKbIH OaliKanapl. YbI3 camackl MEH OHbl 1LIKI3Y
ToKipuOeciHiH OlpiaeckeH JKIKTENyl JEHCAyJblK KOPCETKIIITepl exayip alblpMallblIbIK
KOPCETETIH HeOHATANIIBIK Kayill TONTapbIH aHbIKTayFa MYMKIH/IIK Oep/i. AJIbIHFaH HOTHKEIep
CYTTI IIapyalibUIbIKTap/a Oy3ayiap/blH JIEHCAYJIbIFbIH JKAKCAPTY MAaKCaThIHIA TOYEKenre
HETI3/Ie/ITeH CTpaTH(HKaIMs )KYyHEeCiH KapanaibIiM xoHe ToxKipuOene oHail KosiaHyFa 001aThiH
npoduiakTHKaIbIK OacKapy Kypasbl peTiHje nainananyra 00aaTblHbIH KOpceTe/l.

Kinm co30ep. cyTTi TYKbIMJIBI Oy3ayiap, epTe KacTarbl a3bIKTaH/IbIPY, YB3 canachl, Brix
IIKAJIAChl, aC KOPBITY XKYHECIHIH JKaFIaibl.

Introduction. Early-life nutrition is a key determinant of health and physiological
development in dairy calves. The neonatal period is characterized by rapid and coordinated
maturation of the gastrointestinal tract, immune system, and metabolic functions, during which
animals are particularly sensitive to nutritional and environmental influences [1,2]. Increasing
evidence indicates that nutritional conditions experienced during this early window exert lasting
effects on health outcomes, a concept often referred to as early-life nutritional management
[3.4,5].

In dairy production systems, the first hours and days after birth represent a decisive stage
for calf survival and adaptation. Calves are born agammaglobulinemic and rely entirely on
colostrum intake for the acquisition of passive immunity [6]. In addition to immunoglobulins,
colostrum contains a wide range of biologically active components, including growth factors,
enzymes, hormones, and antimicrobial peptides, which collectively support intestinal
development, immune maturation, and microbial colonization [7,8]. Thus, colostrum functions
not only as a source of immunity but also as a complex nutritional signal influencing early
physiological programming.

Colostrum quality is commonly evaluated based on immunoglobulin G (IgG)
concentration, with Brix refractometry widely used as a practical on-farm indicator [9].
Previous studies have shown substantial variability in colostrum quality between cows and
farms, and inadequate IgG intake has been associated with increased morbidity, digestive
disorders, and mortality in neonatal calves. Nevertheless, much of the existing literature has
examined colostrum quality as a single factor, often under controlled experimental conditions,
without sufficient consideration of colostrum feeding practices [10].

Emerging research highlights that early feeding practices — including the timing of first
colostrum administration, volume provided, and method of administration interact with
colostrum quality to determine the efficiency of passive transfer and subsequent digestive
adaptation [11]. Delayed or insufficient colostrum intake may impair intestinal permeability,
alter microbial establishment, and increase susceptibility to enteric disorders, even when
colostrum quality 1s adequate [12]. From a nutritional programming perspective, these early
management decisions represent modifiable interventions capable of shaping digestive stability
and immune competence during a critical developmental window.

Digestive disorders remain one of the leading causes of morbidity and mortality in dairy
calves worldwide and are a major driver of antimicrobial use during the neonatal period [13].
According to the World Health Organization, global concerns regarding antimicrobial
resistance and the need for sustainable livestock production emphasize the importance of
preventive strategies that improve early digestive health. Optimizing colostrum management

|
Nel (37) 2026 https://ojs.wkitu.kz/ 411



BKUTY XABAPHIBICHI. FouibiMu #KypHai ISSN 2706-6266
BECTHUMK 3KHUTY. Hayunsrii :xypuan ISSN 3007-1062
BULLETIN OF WKITU. Scientific journal ISSN 3007-1070

and early feeding practices offers a practical and cost-effective approach to reducing disease
incidence while supporting animal welfare and long-term productivity.

Despite extensive evidence demonstrating the importance of colostrum quality and early
feeding practices, most available studies have evaluated these factors independently or under
controlled experimental conditions. Consequently, practical production-scale evidence
integrating colostrum quality assessment with early feeding management to define quantitative
thresholds and risk-based frameworks under commercial dairy conditions remains limited
[14,15]. From an applied nutritional programming perspective, such frameworks are essential
for translating scientific knowledge into actionable on-farm decision-making tools.

Therefore, the objective of the present study was to evaluate the combined effects of
colostrum quality and early feeding practices on digestive health and survival of dairy calves
and to develop a simple, production-oriented risk stratification approach capable of identifying
calves at increased risk of adverse neonatal outcomes under real-world dairy management
conditions.

Research materials and methods. The study was conducted on Holstein dairy calves
(n=250) reared on commercial breeding farms in the western region of the Republic of
Kazakhstan, including Farm “Arystanov” and Farm “Tolengit”, using a production-scale
observational design. Newborn calves were monitored from birth throughout the neonatal
period to assess the association between colostrum quality, early feeding practices, digestive
health, and survival. Only calves born after normal parturition and clinically healthy at birth
were included, while animals with congenital abnormalities or perinatal complications were
excluded.

Calves were separated from their dams immediately after birth and managed according
to routine herd management practices used on the participating farms. No experimental
interventions or deviations from standard husbandry protocols were introduced.

Colostrum quality was evaluated using Brix refractometry and categorized according to
Brix values, with samples >22% classified as high quality and lower values classified as
moderate or low quality. For each calf, information on early colostrum feeding was recorded,
including the timing of the first administration after birth, the volume provided, and the method
of administration (bottle feeding or esophageal tubing). Feeding practices were subsequently
categorized based on timing (early vs. delayed) and volume (adequate vs. insufficient).

Digestive health was monitored during the neonatal period based on the occurrence of
diarrhea, identified by abnormal fecal consistency and increased frequency of defecation.
Neonatal survival was also recorded, and all mortality events were documented.

Data collected for each calf included colostrum quality indicators (Brix values and
infrared analysis results), timing and volume of colostrum feeding, method of administration,
incidence of digestive disorders, and survival status. Colostrum quality and feeding practices
were considered independent variables, while digestive disorders and survival were treated as
dependent outcomes.

Statistical analyses were performed using IBM SPSS Statistics (v. 28.0; IBM Corp.,
Armonk, NY, USA). Descriptive statistics are presented as frequencies and percentages.
Differences in the incidence of digestive disorders and survival rates between farms and feeding
categories were evaluated using the chi-square (y?) test with statistical significance set at
p<0.05.

For applied interpretation, calves were stratified into risk groups based on the combined
classification of colostrum quality and early feeding practices (timely and adequate vs. delayed
and/or insufficient administration). This approach allowed comparison of digestive disorder
incidence and survival outcomes among neonatal risk groups under field production conditions.

[E——————————— s ., ,C,”°”>”  °°6 >- >,
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The study relied exclusively on observational data obtained during routine herd
management and did not involve experimental interventions beyond standard animal
husbandry. Therefore, ethical review and approval were waived.

Results and Discussion. A total of 250 Holstein calves were monitored during the
neonatal period under commercial farm conditions. Assessment of colostrum quality indicated
that the majority of colostrum samples met the criteria for high immunological quality,
corresponding to Brix values >22% (49.341.8 to 52.5+2.3 g/L immunoglobulin concentrations).

The incidence of digestive disorders differed markedly between farms characterized by
different early-life management conditions. In Farm “Arystanov”, digestive disorders were
recorded in 17 out of 132 calves (12.9%). In Farm “Tolengit”, only 4 out of 118 calves
developed digestive disorders (3.4%) (Table 1).

Table 1. Incidence of digestive disorders in neonatal dairy calves

Farm Number of calves Digestive disorders Incidence
(n) (n) (%)
| 132 17 12.9
11 118 4 3.4

Neonatal survival differed between farms characterized by different early-life
management conditions. Calves raised in Farm “Tolengit” showed a higher survival rate
compared with those from Farm “Arystanov”. The survival rate reached 100% in Farm
“Tolengit”, whereas in Farm “Arystanov” it was 88.2% (Figure 1).

Neonatal survival rate of dairy calves by farm

100 A

80

60 1

40 A

Survival rate (%)

20 A

0_

Arystanov Tolengit

Figure 1 - Survival rate of neonatal dairy calves in 2 dairy farms

A combined analysis of colostrum quality and early feeding management demonstrated
clear differences in neonatal health outcomes among management categories. Calves receiving
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high-quality colostrum in a timely and adequate manner showed the lowest incidence of
digestive disorders and the highest survival rate, whereas calves exposed to lower-quality
colostrum combined with delayed and/or insufficient administration had the poorest outcomes

(Table 2).

Table 2. Combined effects of colostrum quality and early feeding management on digestive
disorders and survival in neonatal dairy calves.

Colostrum Early feeding Calves ](:i)l BeSUVE | 1) tidence Mortality | Survival
: 2 1sorders " B

quality management (n) (n) (%) (n) (%)
szlig;: Timely and adequate 98 6 6.1 1 99.0
;‘Zgj‘/o Delayed / insufficient | 64 10 15.6 4 93.8
Lower
quality Timely and adequate 46 9 19.6 4 91.3
<22%
Lower
quality Delayed / insufficient | 42 12 28.6 7 83.3
<22%

Total | 250 37 14.8 16 93.6

*Timely and adequate = first colostrum administration within the recommended time
afier birth and in sufficient volume, delaved and/or insufficient = late administration and/or
inadequate volume.

This combined categorical classification enabled practical risk stratification under field
conditions, allowing calves to be grouped into low-, moderate-, and high-risk categories based
on the concurrence of colostrum quality and early feeding management.

Colostrum quality and digestive health

The observed differences in the incidence of digestive disorders between calves exposed
to different colostrum quality conditions are consistent with previous reports demonstrating the
protective role of adequate immunoglobulin intake during the neonatal period. Colostrum of
high immunological quality, as assessed by Brix refractometry, was associated with a lower
occurrence of digestive disorders, supporting its role in enhancing early immune competence
and gastrointestinal stability. Importantly, the present study confirms these associations under
routine farm management conditions, where variability in colostrum quality is inevitable.
Unlike controlled experimental trials, production-scale observations capture real-world
management heterogeneity, thereby increasing the external validity and practical relevance of
the findings for dairy producers.

Role of early colostrum feeding practices

In addition to colostrum quality, early feeding practices were closely linked to neonatal
health and survival outcomes. Calves receiving colostrum in a timely manner and in adequate
volumes showed lower morbidity and higher survival rates compared with calves exposed to
delayed or insufficient colostrum administration. These findings are in line with established
physiological principles governing immunoglobulin absorption in neonatal calves, whereby
intestinal permeability to macromolecules declines rapidly after birth. Delays in colostrum
feeding may therefore compromise the effectiveness of passive transfer, even when colostrum
quality is adequate, increasing susceptibility to enteric disorders and early mortality.
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Combined effects and applied risk stratification

This approach provides a practical decision-support tool for dairy farm managers aimed
at reducing neonatal morbidity and mortality. When these factors were considered jointly,
distinct neonatal risk categories could be identified, characterized by substantially different
health outcomes. Calves classified in the low-risk category — those receiving high-quality
colostrum administered promptly and in sufficient volumes — exhibited the lowest incidence of
digestive disorders and the highest survival rates.

In contrast, calves exposed to multiple suboptimal early-life conditions represented a
high-risk group with markedly poorer outcomes. This pattern suggests that neonatal health
outcomes are influenced by the cumulative effect of early management factors rather than by
any single determinant alone. From a practical perspective, this combined categorical approach
offers a simple and field-applicable method for identifying calves at increased risk of adverse
neonatal outcomes, without the need for complex diagnostics or laboratory analyses. The
applied nature of this framework makes it suitable for routine on-farm implementation, as it
relies on readily available management information rather than complex laboratory or analytical
procedures.

Implications for preventive calf health management

Digestive disorders remain a leading cause of morbidity and mortality in dairy calves and
contribute substantially to antimicrobial use during the neonatal period. The results of the
present study indicate that optimization of colostrum management — through routine assessment
of colostrum quality and standardized early feeding practices — represents an effective
preventive strategy for improving calf health and survival. By enabling early identification of
high-risk calves, the proposed risk-based framework may support targeted management
interventions, improved animal welfare, and reduced reliance on antimicrobial treatments. Such
approaches align with current efforts to promote sustainable livestock production and
responsible antimicrobial stewardship.

Study limitations and perspectives

The observational nature of the study limits causal inference, and the analysis was based
primarily on categorical comparisons rather than multivariable modeling. Additionally, the
focus was restricted to short-term neonatal outcomes, and long-term effects on growth
performance or lifetime productivity were not assessed. Nevertheless, the study design reflects
real-world production conditions and provides applied insights directly relevant to commercial
dairy operations. Future studies incorporating longitudinal follow-up and multivariable
analytical approaches would be valuable for further refining and validating the proposed risk-
based framework. The combined stratification approach showed that neonatal outcomes were
influenced not by a single factor alone, but by the interaction between colostrum quality and
carly feeding management. The highest morbidity and mortality were observed in calves
exposed to both lower colostrum quality and suboptimal administration practices.

Conclusions. This production-scale observational study demonstrates that colostrum
quality and early feeding practices are jointly associated with digestive health and survival
outcomes in neonatal dairy calves under commercial farm conditions. Calves receiving high-
quality colostrum in combination with timely and adequate feeding exhibited a lower incidence
of digestive disorders and higher survival rates during the neonatal period.

The combined assessment of colostrum quality and early feeding management enabled
the identification of distinct neonatal risk categories, providing a simple and practical
framework for on-farm risk stratification. Routine Brix-based evaluation of colostrum together
with standardized monitoring of feeding timing and volume may serve as an effective
preventive management tool to improve calf health, enhance animal welfare, and support
sustainable dairy production systems.
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